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-> c -c ./
Progracy Director?)
Member: Ddnna J. Habenicht Dean, School of Education
£ Pr̂J?L
Member: Derrick L. Proctor
xternal: Ada Sinacore-Guinn Date approvedkJLl.pi a , m 3
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
TABLE OF CONTENTS
LIST OF FIGURES.................................... ix
LIST OF T A B L E S .................................... x
ACKNOWLEDGEMENTS..................................  xvii
Chapter
I. INTRODUCTION ................................  1
Background of the S t u d y .................  1
Statement of the Problem.................  15
Purpose of the Stu d y .....................  16
Research Question .......................  17
Significance of the S t u d y ............... 19
Definition of T e r m s .....................  25
Limitations of the S t u d y .................  27
II. SELECTED REVIEW OF LITERATURE............... 29
Wechsler Intelligence Scale for Children-
Revised (WISC-R) .....................  29
Reliability...........................  30
V a l i d i t y .............................. 31
WISC-R and W P P S I ...................  31
WISC-R and W A I S ...................  32
Other Concurrent Validity Studies . 33






Digit S p a n .........................  35
Picture Completion .................  36
Picture Arrangement ............... 36
Block Design.......................  36
Object A s s e m b l y ...................  37
C o d i n g .............................. 37
Limitations of the W I S C - R ............. 38
Factor Analysis of the W I S C - R ........  39
Kaufman's Factor Analysis
of the WISC-R...................  40
iii
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
Other Studies With the
Standardization D a t a ........... 44
Factor Studies of the WISC-R
With Gifted S t u d e n t s ........... 46
Factor Studies of the WISC-R
With the Mentally Retarded . . .  53
Factor Analysis of the WISC-R
With Learning Disabled Students . 55
Other Factor Studies
With the W I S C - R............. 56
Hierarchical Factor Studies
of the W I S C - R............... 57
Joint Factor Analytic Studies of the
WISC-R and Other Tests ........  60
Canadian Studies of the WISC-R . . . .  66
Naming of Factors................. 68
Other Studies That are Relevant to
Factor Studies With the WISC-R . . . .  69
Factor Analytic Studies
of the WISC-III...................  70
Conclusions Drawn From the
Literature Review .....................  72
III. METHODOLOGY.............................  75
Instrumentation .......................... 7 6
Subjects.............................. 77
Conditions...........................  7 8
Research Questions .......................  80
Data A n a l y s i s .......................  82
Factor Analysis .......................  82
General Introduction ...............  82
Factor Analysis Procedures ........  83
Summary of and Justification for
Methodology.......................  93
Examination of the Correlation Matrix . 93
Method of Extraction .................  95
Method of R o t a t i o n ............... 96
Number of Factors to Be Reported . . .  97
Research Design .......................... 98
IV. PRESENTATION AND ANALYSIS OF D A T A ...... 100
Introduction ..............................  100
Interpretation of the Scree Plot . . . 102
Interpretation of the Communality and
Highest Factor Loadings Tables . . . 102
Interpretation of the Pattern
and Structure Matrices ............. 104
Demographic Data of S ample..........  106
iv
R eproduced  with perm ission o f the copyright owner. Further reproduction prohibited without perm ission.
Question 1 ............................ 108
The Sample.....................  108
Examination of the Correlation
M a t r i x .....................  109
Results of the Factor Analysis . . . 109
Number of Factors..........  10 9
Factor Solutions .......... 113
Question 2 ............................ 119
Age 6 .............................. 12 0
Sample.........................  12 0
Examination of the Correlation
M a t r i x .....................  120
Results of the Factor Analysis . . .  121
Number of Factors...............  121
Factor Solution Without COD . . .  123
Age 7 .............................. 128
Sample.........................  128
Examination of the Correlation
M a t r i x .....................  129
Results of the Factor Analysis . . . 129
Number of Factors...............  129
Factor Solution Without COD . . .  130
Age 8 .............................. 136
Samp le.........................  136
Examination of the Correlation
M a t r i x .....................  136
Results of the Factor Analysis . . .  137
Number of Factors...............  137
Factor Solution .................  141
Age 9 .............................. 144
Sample.........................  144
Examination of the Correlation
M a t r i x .....................  144
Results of the Factor Analysis . . . 144
Number of Factors...............  144
Factor Solution .................  14 7
Age 1 0 ...........................  151
Samp le .........................  151
Examination of the Correlation
M a t r i x .....................  151
Results of the Factor Analysis . . .  151
Number of Factors...............  151
Factor Solution .................  155
Age 1 1 ...........................  158
Sample.........................  158
Examination of the Correlation
M a t r i x .....................  158
Results of the Factor Analysis . . .  158
Number of Factors . .   158
Factor Solution .................  162
v
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
Age 1 2 ............................  165
Sample.......................... 165
Examination of the Correlation
M a t r i x ...................... 165
Results of the Factor Analysis . . . 165
Number of F a ctors........... 165
Factor Solution .................  169
Question 3 ............................  172
Results............................  173
Question 4 ............................  17 3
Group 1- Coding A .................  173
Examination of the Correlation
M a t r i x ...................... 173
Results of the Factor Analysis . . .  174
Number of Fa c t o r s ........... 174
Factor Solution Without COD . . .  175
Group 2- Coding B .................  181
Examination of the Correlation
Matrix........................ 181
Results of the Factor Analysis . . . 181
Number of Fa c t o r s..........  182
Factor Solution .................  182
Question 5 ............................ 187
IQ Below 8 0 ........................ 188
The Sample.....................  188
Examination of the Correlation
M a t r i x .....................  188
Results of the Factor Analysis . . .  188
Number of Fa c t o r s..........  188
Factor Solution Without PA . . . 191
IQ 80-119.......................... 195
The Sample.....................  195
Examination of the Correlation
M a t r i x .....................  195
Results of the Factor Analysis . . .  195
Number of F a c t o r s..........  195
Factor Solution .................  198
IQ Above 1 1 9 .....................  202
The Sample.....................  202
Examination of the Correlation
M a t r i x .....................  202
The Correlation Matrix
Without P A ................. 202
Results of the Factor Analysis . . . 203
Number of Fa c t o r s..........  203
Factor Solution .................  206
Question 6 ............................ 209
The Sample.....................  209
Examination of the Correlation
M a t r i x .....................  209
Results of Factor Analysis.......... 209
Number of Fa c t o r s..........  209
vi
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
Factor Solution .................  214
Question 7 ................................  214
The S a mp l e .......................... 214
IQ 70-84   216
Examination of the Correlation
M a t r i x .......................... 216
Results of the Factor Analysis . . . 216
Number of Factors............... 216
IQ 85-99   222
Examination of the Correlation
M a t r i x .......................... 222
Results of the Factor Analysis . . . 222
IQ 100-114   229
Examination of the Correlation
M a t r i x .......................... 229
Results of the Factor Analysis . . . 230
Number of Factors...............  230
Factor Solution .................  232
IQ 115-129   235
Results of the Factor Analysis . . . 235
Number of Factors...............  235
Factor Solution .................  237
IQ 130-144   240
Results of the Factor Analysis . . . 240
Factor Solution .................  242
Question 8 ................................  245
Question 9 ................................  245
Question 1 0 ..............................  246
Results of the Factor Analysis . . . .  246
Summary of Results.......................  246
V. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS . . 252
Problem S t a t e m e n t .......................  252
Purpose of the S t u d y .....................  252
Review of the Literature.................  253
Me t h o d o l o g y ..............................  257
Subjects..................................  258
Analysis of D a t a .......................... 258
Findings..................................  259
Broad IQ R a n g e s.......................  259
Question 1 .......................... 259
Question 2 .......................... 261
Question 3 .......................... 262
Question 4 .......................... 263
IQ Ranges of 40 IQ Poin t s ............. 264
Question 5 .......................... 264
IQ Above 1 1 4 .......................... 265
Question 6 .......................... 265
IQ Ranges of 15 IQ Poin t s............. 265
Question 7 .......................... 265
Discussion................................  266
vii
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
Suggestions for Practitioners .......... 283
Suggestions for Further Research ........ 286
APPENDIX
A. Computer Printouts for Question 1 ........  289
APPENDIX
B. Computer Printouts for Question 2 ........  295
APPENDIX
C. Computer Printouts for Question 3 ........  338
APPENDIX
D. Computer Printouts for Question 4 ........  419
APPENDIX
E. Computer Printouts for Question 5 ........  436
APPENDIX
F. Computer Printouts for Question 6 ........  466
APPENDIX
G. Computer Printouts for Question 7 ........  475
BIBLIOGRAPHY......................................  515
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
L I S T  OF FIG U R ES
1. Scree Plot, Large Group.........................  112
2. Scree Plot, Age 6 Without COD.................... 125
3. Scree Plot, Age 7 Without COD.................... 132
4. Scree Plot, Age 8...............................  139
5. Scree Plot, Age 9...............................  146
6. Scree Plot, Age 10..............................  153
7. Scree Plot, Age 11..............................  160
8. Scree Plot, Age 12..............................  167
9. Scree Plot, Coding A (ages 6 and 7).............  178
10. Scree Plot, Coding B (ages 8-12)   183
11. Scree Plot, IQ Below 80.........................  193
12. Scree Plot, IQ 80-119...........................  199
13. Scree Plot, IQ Above 119........................  207
14. Scree Plot, IQ Above 114........................  213
15. Scree Plot, IQ 70-84............................  219
16. Scree Plot, IQ 85-99............................  226
17. Scree Plot, IQ 100-114 ..........................  233
18. Scree Plot, IQ 115-129   238
19. Scree Plot, IQ 130-144..........................  241
ix
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
L I S T  OF TA B LES
1. Number of Times Each Subtest Loads
on a Single Factor................................  11
2. Number of Times Each Subtest Loads
on Each F a c t o r .............................. . . 12
3. Kaufman's 3-Factor WISC-R Subtest Composition . 68
4. Intelligence Classification ...................  79
5. Distribution of Sample Sex by A g e .............  107
6. Distribution of Sample IQ by A g e ...............  108
7. Initial Statistics Total Group .................  110
8. Communalities for Variables, Total Group . . . .  114
9. Highest Loadings of Each Variable When
Different Number of Factors
Were Extracted, Total Group ...................  114
10. Means and Standard Deviations of Scale Scores,
Three Rotated Solutions and Communalities,
PFA, Oblimin, Total G r o u p .....................  115
11. The 2- and 3-Factor Structure Matrix
PFA, Total G r o u p ..............................  116
12. Communalities of Variable After Extraction
of Different Number of Factors, Age 6 .........  122
13. Highest Loadings of Each Variable When
Different Number of Factors
Were Extracted, Age 6   122
14. Initial Statistics for Analysis
Without COD, Age 6 ............................  124
x
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
15. Means and Standard Deviations of Scale Scores,
Three Rotated Solutions and Communalities,
PFA, Oblimin, Age 6 ............................ 126
16. The 2- and 3-Factor Structure Solutions,
PFA, Age 6, COD Removed.......................  127
17. Communalities of Variables After Extraction
of Different Number of Factors, Age 7 .........  131
18. Highest Loadings of Each Variable When
Different Number of Factors
Were Extracted, Age 7 .......................... 131
19. Initial Statistics, Age 7, Without C O D .......... 133
20. Means and Standard Deviations of Scale Scores,
Three Rotated Solutions and Communalities,
PFA, Oblimin, Age 7 ............................  134
21. The 2- and 3-Factor Structure Solutions,
PFA, Age 7, COD Removed.......................  135
22. Initial Statistics, Age 8 ..................... 138
23. Communalities of Variables After Extraction
of Different Number of Factors, Age 8 .........  140
24. Highest Loadings of Each Variable When
Different Number of Factors
Were Extracted, Age 8 .......................... 140
25. Means and Standard Deviations of Scale Scores,
Three Rotated Solutions and Communalities,
PFA, Oblimin, Age 8 ............................ 142
26. The 2- and 3-Factor Structure Solutions,
PFA, Age 8 ....................................  143
27. Initial Statistics, Age..9 ...................  145
28. Communalities of Variables After Extraction
of Different Number of Factors, Age 9 .......... 148
29. Highest Loadings of Each Variable When
Different Number of Factors
Were Extracted, Age 9 .......................... 148
30. Means and Standard Deviations of Scale Scores,
Three Rotated Solutions and Communalities,
PFA, Oblimin, Age 9 ............................ 149
xi
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
31. The 2- and 3-Factor Structure Solutions,
PFA, Age 9 .................................... 150
32. Initial Statistics, Age 1 0 ......................  152
33. Communalities of Variables After Extraction
of Different Number of Factors, Age 10 . . . .  154
34. Highest Loadings of Each Variable When
Different Number of Factors
Were Extracted, Age 1 0 ........................  154
35. Means and Standard Deviations of Scale Scores,
Three Rotated Solutions and Communalities,
PFA, Oblimin, Age 1 0 ...........................  156
36. The 2- and 3-Factor Structure Solutions,
PFA, Age 1 0 ....................................  157
37. Initial Statistics, Age 1 1 ......................  159
38. Communalities of Variables After Extraction
of Different Number of Factors, Age 11 . . . .  161
39. Highest Loadings of Each Variable When
Different Number of Factors
Were Extracted, Age 1 1 ........................ 161
40. Means and Standard Deviations of Scale Scores,
Three Rotated Solutions and Communalities,
PFA, Oblimin, Age 1 1 .......................... 163
41. The 2- and 3-Factor Structure Solutions,
PFA, Age 1 1 ....................................  164
42. Initial Statistics, Age 1 2 ......................  166
43. Communalities of Variables After Extraction
of Different Number of Factors, Age 12 . . . .  168
44. Highest Loadings of Each Variable When
Different Number of Factors
Were Extracted, Age 1 2 .......................  168
45. Means and Standard Deviations of Scale Scores,
Three Rotated Solutions and Communalities,
PFA, Oblimin, Age 1 2 .......................... 170
46. The 2- and 3-Factor Structure Solutions,
PFA, Age 1 2 ....................................  171
xii
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
47. Communalities of Variables After Extraction
of Different Number of Factors, Coding A . . .  176
48. Highest Loadings of Each Variable When
Different Number of Factors
Were Extracted, Coding A .....................  176
49. Initial Statistics Coding A, Without COD
Ages 6 and 7   177
50. Means and Standard Deviations of Scale Scores,
Three Rotated Solutions and Communalities,
PFA, Oblimin, Coding A ........................  179
51. The 2- and 3-Factor Structure Solutions,
PFA, Ages 6 and 7 ..............................  180
52. Initial Statistics, Coding B ...................  182
53. Communalities of Variables After Extraction
of Different Number of Factors, Coding B . . .  184
54. Highest Loadings of Each Variable When
Different Number of Factors
Were Extracted, Coding B ......................  184
55. Means and Standard Deviations of Scale Scores,
Three Rotated Solutions and Communalities,
PFA, Oblimin, Coding B ........................ 185
56. The 2- and 3-Factor Structure Solutions,
Coding B, Ages 8 - 1 2 ............................ 186
57. Communalities of Variable After Extraction
of Different Number of Factors,
IQ Below 8 0 ....................................  190
58. Highest Loadings of Each Variable When
Different Number of Factors
Were Extracted, IQ Below 8 0 ...................  190
59. Initial Statistics, IQ Below 80, without PA,
COD, PC, S I ....................................  193
60. Means and Standard Deviations of Scale Scores,
Three Rotated solutions and Communalities,
PFA, Oblimin, Below 8 0 ........................ 194
61. The 2- and 3-Factor Structure Solutions,
Below IQ 80, AGES 8 - 1 2 ........................ 194
xiii
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
62. Communalities of Variable After Extraction
of Different Number of Factors, IQ 80-119 . . . 197
63. Highest Loadings of Each Variable When
Different Number of Factors
Were Extracted, IQ 80-119.....................  197
64. Initial Statistics, IQ 80-119   199
65. Means and Standard Deviations of Scale Scores,
Three Rotated Solutions and Communalities,
PFA, Oblimin, IQ 80-119 .......................  200
66. The 2- and 3-Factor Structure Solutions,
PFA, IQ 80-119, Ages 8 - 1 2 .....................  201
67. Communalities of Variables After Extraction
of Different Number of Factors,
IQ Above 1 1 9 ..................................  204
68. Highest Loadings of Each Variable When
Different Number of Factors
Were Extracted, IQ Above 1 1 9 .................  204
69. Initial Statistics, IQ > 119, Without PA, PC,
COD, CO, D S ....................................  207
70. Means and Standard Deviations of Scale Scores,
Three Rotated Solutions and Communalities,
PFA, Oblimin, IQ Above 1 1 9 ...................  208
71. The 2- and 3-Factor Structure Solutions,
IQ Above 119, Ages 8 - 1 2 .......................  208
72. Communalities of Variables After Extraction
of Different Number of Factors,
IQ Above 1 1 4 ..................................  211
73. Highest Loadings of Each Variable When
Different Number of Factors
Were Extracted, IQ Above 1 1 4 .................. 211
74. Initial Statistics, IQ Above 1 1 4 ................ 213
75. Means and Standard Deviations of Scale Scores,
Three Rotated Solutions and Communalities,
PFA, Oblimin, IQ Above 1 1 4 ...................  215
76. The 2- and 3-Factor Structure Solutions,
IQ Above 114, Ages 8 - 1 2 ........................  215
77. Sample for Question 7 ..........................  216
xiv
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
78. Communalities of Variables After Extraction
of Different Number of Factors,
IQ 70-84 P F A ..................................  218
79. Highest Loadings of Each Variable When
Different Number of Factors
Were Extracted, IQ 70-84 P F A .................  218
80. Initial Statistics, IQ 70-84,
Without PA, PC, S I ............................  219
81. Means and Standard Deviations of Scale Scores,
Three Rotated Solutions and Communalities,
PFA, Oblimin, IQ 70-84   220
82. The 3- and 4-Factor Structure Solutions,
IQ 70-84, Ages 8 - 1 2 ............................  221
83. Communalities of Variables After Extraction
of Different Number of Factors
IQ 85 - 99   223
84. Highest Loadings of Each Variable When
Different Number of Factors
Were Extracted, IQ 85-99   223
85. Initial Statistics, IQ 85-99 ...................  225
86. Final Communalities of Variables After
Extraction of Different Number of Factors,
IQ 85-99, PA and PC Removed...................  226
87. Means and Standard Deviations of Scale Scores,
Three Rotated Solutions and Communalities,
PFA, Oblimin, IQ 85-99   227
88. The 3- and 4-Factor Structure Solutions,
IQ 85-99, Ages 8 - 1 2 ............................  228
89. Communalities of Variables After Extraction
of Different Number of Factors,
IQ 100-114, PFA S o l u t i o n .....................  231
90. Highest Loadings of Each Variable When
Different Number of Factors
Were Extracted, IQ 100-114, PFA Oblimin . . . .  231
91. Initial Statistics, IQ 100-114 .................  233
92. Means and Standard Deviations of Scale Scores,
Three Rotated Solutions and Communalities,
PFA, Oblimin, IQ 100-114   234
xv
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
93. The 2- and 3-Factor Structure Solutions,
IQ 100-114, Ages 8 - 1 2 .......................... 234
94. Communalities of Variables After Extraction
of Different Number of Factors,
IQ 115-129 P F A ................................  236
95. Highest Loadings of Each Variable When
Different Number of Factors
Were Extracted, IQ 115-129, P F A ................  236
96. Initial Statistics, IQ 115-129 .................  238
97. Means and Standard Deviations of Scale Scores,
Three Rotated Solutions and Communalities,
PFA, Oblimin, IQ 115-129   239
98. The 2- and 3-Factor Structure Solutions,
IQ 115-129, AGE 8 - 1 2 .......................... 239
99. Initial Statistics, IQ 130-144 .................  241
100. Communalities of Variables After Extraction
of Different Number of Factors,
IQ 130-144, P F A ................................  243
101. Highest Loadings of Each Variable When
Different Number of Factors
Were Extracted, IQ 130-144, P F A ................  243
102. Means and Standard Deviations of Scale Scores,
Three Rotated Solutions and Communalities,
PFA, Oblimin, IQ 130-144   244
103. The 2- and 3-Factor Structure Solutions,
IQ 130-144, Ages 8 - 1 2 .......................... 244
104. Summary of Factor Structure
for Broad IQ R a n g e s ............................ 250
105. Summary of Factor Structure
for Narrower IQ R a n g e s .......................  251
xv i
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
ACKNOWLEDGEMENTS
I wish to acknowledge, with thanks, the assistance of 
my committee in completing this dissertation. Special 
thanks go to Dr. Futcher who took over the chairmanship of
the committee toward the end of the process and helped
considerably. Thanks also go to the school districts who 
allowed me to search their files for WISC-R protocols.
On a more personal level, I wish to thank my family 
who helped in every way possible with this dissertation.
My wife, Arlene, did the typing, editing, and data entry; 
my son, Karl, assisted with the literature search and 
formatting appendices; and my daughter, Kieren, assisted 
with typing the bibliography and ensuring that all sources 
quoted were listed. Added to this help, my family provided 
encouragement and motivation and sacrificed time together. 
For this, I owe them a great debt.
Finally, thanks go to Medicine Hat School District No.
76, who offered me a sabbatical leave to pursue doctoral 
studies.
xvii
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
ABSTRACT
A REVISITATION OF THE WISC-R FACTOR STRUCTURE 
WITH ADEQUATE SAMPLE SIZE, SYSTEMATIC CONTROL 
OF BOTH IQ AND AGE RANGES, AND THE USE OF 
PROCEDURES TO LIMIT OVERFACTORIZATION
by
Rudolph D. N. Bailey
Chair: Wilfred G. A. Futcher
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.




Title: A REVISITATION OF THE WISC-R FACTOR STRUCTURE
WITH ADEQUATE SAMPLE SIZE, SYSTEMATIC CONTROL OF 
BOTH IQ AND AGE RANGES, AND THE USE OF PROCEDURES 
TO LIMIT OVERFACTORIZATION
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Problem Statement 
This study addressed the problem of inconsistency in 
the results of factor-analytic studies of the WISC-R by 
performing analyses where age and size of Full Scale IQ 
ranges were held constant, and by using adequate sample 
sizes.
Methodology
Factor analyses were performed on the WISC-R scale 
scores. Principal Axes Factor method with squared multiple 
Rs in the diagonals was used. Oblimin was the rotation of 
choice.
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Sample size varied for each analysis, the largest being 
3,493; and the smallest, 225.
Results
At the broad IQ ranges a general factor was found.
At narrower IQ ranges, evidence of the general factor 
disappeared. Two factors emerged at the 40 IQ points 
range; one represented some aspect of verbal ability; the 
other, some aspect of nonverbal ability. Object Assembly 
and Block Design formed one factor, whereas Vocabulary, 
Information, and in some cases, Similarities and 
Comprehension formed the other factor.
At the narrowest IQ ranges, fewer common factors were 
found at the higher IQ levels. Picture Arrangement,
Picture Completion, Coding, Digit Span, and Arithmetic did 
not load significantly with any of the factors in most of 
the reduced ranges. Arithmetic and Digit Span had 
acceptable loadings only in ranges below IQ 100. Whenever 
Coding remained in the analysis, it acted more as a Verbal 
subtest than as a Performance subtest. Whenever Picture 
Arrangement remained in the analysis, it did not load 
exclusively on the Performance Scale.
Conclusions
This study raised a number of questions with regard 
to the utility of the Full Scale, Verbal, and Performance 
IQs. Its results also add weight to those studies 
suggesting that the WISC-R should not be interpreted in
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terms of a 3-factor solution. Caution should be exercised 
when interpreting the traditional WISC-R factors beyond 
Verbal Comprehension. Caution should also be exercised 
when using the WISC-III factor interpretations since they 
were made in light of the WISC-R research.
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CHAPTER I
INTRODUCTION
Background of the Study 
Factor-analytic studies have traditionally been used 
to study the construct-related validity of the Wechsler 
scales of intelligence, especially since the publication of 
the Wechsler Intelligence Scales for Children— Revised 
(WISC-R, Wechsler, 1974). Factor studies have further been 
used to establish the validity of the Verbal and 
Performance scales. The use of factor studies has, 
however, gone much further than validity studies to 
hypothesize qualitative differences between groups of 
individuals (see Brown & Yakimowski, 1985). Factor studies 
have, therefore, become very important in the 
interpretation of the Wechsler scales. In fact, the new 
Wechsler Intelligence Scale for Children— Third Edition 
(WISC-III, Wechsler, 1991) has added the Symbol Search 
subtest "so that the abilities measured by the third factor 
could be better distinguished" (p. 4).
The authors of the WISC-III (Wechsler, 1991) have 
also used factor analysis as one of the means to discuss 
construct validity. Their discussion of the factor
1
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structure of the WISC-III was based on the research done 
with the WISC-R. The authors (Wechsler, 1991) state: "The 
results . . . have been interpreted in light of the 
research literature [on the WISC-R]" (p. 187). They made 
this statement to imply that their interpretations did not 
necessarily follow objective criteria, but were based on 
"psychological meaningfulness." "Psychological 
meaningfulness" then became equivalent to the results of 
studies done with the WISC-R. What if the studies examined 
for comparisons between the WISC-R and WISC-III did not do 
a careful analysis of the WISC-R? This would mean that the 
interpretation of the WISC-III factor-analytic structure 
was based on incomplete data.
In fact, confirmatory factor studies such as O'Grady 
(1989) have begun to question the factor structure 
purported to underlie the standardization sample (and many 
other samples factor analyzed since) of the WISC-R. The 
studies that were quoted in the discussion in the WISC-III 
manual were the ones that indicated a 2- or 3-factor 
structure. 0'Grady (19 89) indicated that he did not find 
any structure, of the ones reported in the literature, that 
fit the WISC-R standardization sample and 11 others well 
enough to be selected as the best fit. His study suggested 
that the results obtained with orthogonal methods were the 
worst fit. Kaufman's (1975) classic study reported results 
obtained by an orthogonal method (Varimax).
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The question, then, is, do we reject the results 
widely reported in the literature and begin to do new 
studies on the WISC-III? This is both impractical at this 
point (a large enough database is not available) and 
scientifically unacceptable. It is possible that some of 
the less quoted studies in the literature provide a better 
solution for the WISC-R correlation matrices than the ones 
more widely reported. The answer to this dilemma could be 
obtained by doing further exploratory studies with the 
WISC-R. The remainder of this section further justifies 
the need for a revisitation of the WISC-R factor structure.
Research reports on the factor structure of the 
WISC-R consistently indicate either a 2- or 3-factor 
solution. The factors are generally labelled: Verbal 
Comprehension, Perceptual Organization, and Freedom from 
Distractibility (Kaufman, 1979a; Sattler, 1988).
In the 2-factor solutions, the pattern of loadings 
for the Verbal Comprehension factor typically has shown the 
highest loadings by the five regularly administered Verbal 
Scale subtests of the WISC-R. The Performance Scale 
subtests, with the exception of Coding, have been found to 
load high on the Perceptual Organization factor (Kaufman, 
1979a).
The 3-factor solutions have typically found the third 
factor to be composed of the Arithmetic, Digit Span, and 
Coding subtests (Gutkin & Reynolds, 1981; Kaufman, 1975;
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Reschly, 1978; Shiek & Miller, 1978). In contrast to the 
stability of the Verbal Comprehension and Perceptual 
Organization factor, the subtests that constitute the third 
factor, as well as the existence of the factor, have been 
found to fluctuate as a function of the population tested 
(Karnes & Brown, 1980; Petersen & Hart, 1979; Reschly,
1978; Van Hagen & Kaufman, 1975).
Van Hagen and Kaufman (1975) found differences 
between the third factor of the standardization sample and 
the third factor of the "retarded" group. The difference 
was interpreted as an "unstable [factor], perhaps due to 
the relatively small sample size [N = 80]" (p. 664). Groff 
and Hubble (1982), using two samples of low-IQ children (Ns 
= 103 and 78), also found differences in the third factor. 
The younger group had a factor structure similar to that of 
the standardization sample, whereas the older group had a
different structure when compared to both Van Hagen and
Kaufman (1975) and the standardization sample. The fact 
that numerous configurations of subtests have been 
identified as forming the third factor suggests that the 
WISC-R third factor might be tapping different abilities 
for different groups (Kaufman, 1979a), and brings into 
question the generalizability of the WISC-R factor 
structure of the standardization sample to various other 
groups. Although the existence and the nature of the third 
factor of the WISC-R are the most challenged aspect of its
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factor analysis, a careful study of the literature on 
WISC-R studies indicates a number of other issues. Blaha 
and Vance (1979) and Vance, Wallbrown, and Fremont (1978) 
claimed that the ability structure for retarded persons may 
be more complex than for normals. Brown and Yakimowski 
(1985) suggested that there exists a major difference in 
the cognitive processing of children identified as gifted 
from those who are not. This conclusion was drawn from the 
results of a factor-analytic study (N = 66). Ahrens (1978) 
found differences between males and females at three 
different age levels (N = 25). It is important to note 
that these studies were done with either restricted IQ 
ranges or small sample sizes as defined by Guadagnoli and 
Velicer ( 1988) .
Guadagnoli and Velicer (1988), in a study of the 
relation of sample size to the stability of component 
patterns, found "that component saturation was the major 
factor in determining comparability between sample and 
population component patterns. At the lowest component 
saturation level used (.40), the effect of sample size and 
the number of variables per component became most evident" 
(p. 274).
Guadagnoli and Velicer suggested that when many 
variables (10 or more) are thought to represent a 
particular component, and a priori estimate of saturation 
level is difficult, a sample size of 150 observations
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should be sufficient to obtain an accurate solution. They
further suggested that:
Following an analysis, the component pattern itself can 
be assessed with respect to the number of variables 
defining a component and with respect to the magnitude 
of component loadings. If components possess four or 
more variables with loadings above .60, the pattern may 
be interpreted whatever the sample size used.
Similarly, a pattern composed of many variables per 
component (10 to 12) but low loadings (atj = .40) 
should be an accurate solution at all but the lowest 
sample sizes ('I < 150). If a solution possesses 
components with only a few variables per component and 
low component loadings, the pattern should not be 
interpreted unless a sample size of 300 or more 
observations has been used. Replication is strongly 
suggested if these conditions occur when the sample 
size is fewer than 300 observations, (p. 274)
In a meta-analysis study of the WISC-R by Mueller, 
Dennis, and Short (1986), of 119 samples only 13 had Ns 
larger than 200, and 30 had Ns larger than 100. The 
sample-size criteria established by Guadagnoli and Velicer 
(1988) were not met in most of the above studies. 
Specifically, the studies that found differences from 
Kaufman's (1975) results were done with small sample sizes.
O'Grady (1989), after reevaluating the factor 
structure underlying the standardization sample and 11 data 
samples previously reported in the literature (using 
maximum likelihood confirmatory factor analysis), reached 
the following conclusions:
1. The various hypothetical models found in the 
literature did not fit the data in a way that would suggest 
clear-cut support for any model over the other.
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2. The decided rejection of the orthogonal 2- and 3- 
-factor models suggests that previous factor-analytic 
research with the WISC-R have evaluated improbable 
underlying models, since a considerable body of such 
research has utilized orthogonal rotational methods.
3. The rejection of several models in the 
validation samples due to improper parameter estimates 
strongly suggests that some considerable portion of 
factor-analytic research with WISC and the WISC-R have 
drawn samples of such small size that extremely unstable 
factor solutions have resulted.
4. Any future factor-analytic research with the 
WISC-R could benefit from sample sizes considerably 
exceeding those found in the vast majority of the studies 
cited.
Another issue that appeared in the literature was the 
differences found at different age ranges of samples (Groff 
& Hubble, 1982). Groff and Hubble suggested that "factors 
extracted from the WISC-R scores of low-IQ samples with 
wide age ranges may not accurately represent dimensions 
present at more narrow ranges within these samples"
(p. 149). Kaufman's (1975) classic study of the "Factor 
Analysis of the WISC-R at All 11 Age Levels Between 6$ and 
16i Years" influenced many researchers to disregard age 
range by reporting: "The factor structure was remarkably 
consistent across the age range" (p. 135). However, a
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careful study of Kaufman's (1975) results indicate that 
there were inconsistencies. (Kaufman did not regard these 
variations as important to his study.) Picture completion 
loaded significantly (Kaufman's criteria) on the Verbal 
Factor at 6 of the 11 age groups, Picture Arrangement at 4 
of the 11 age groups, and Block Design at 1 of the 11 age 
levels. On the Perceptual Organization factor, Information 
loaded significantly at 2 age levels, Similarities at 4 age 
levels, and Comprehension at 2 age levels. The Freedom 
from Distractibility factor also had variability not 
apparent in Kaufman's statement. Information loaded 
significantly at 6 of 11 age levels, Similarities at 2 age 
levels, Vocabulary at 5 age levels, and Block Design at 3 
age levels; Coding did not load on any factor at 2 age 
levels. Another point of note is that, at various age 
levels, subtests that Kaufman did not report as part of the 
Freedom from Distractibility factor loaded higher than 
those he included. Kaufman chose not to make much of these 
differences. Other researchers such as Gutkin and Reynolds 
(1981), Carlson, Reynolds, and Gutkin (1983), and 
Greenberg, Stewart, and Hansche (1986) also found 
differences that they did not interpret as being 
significant.
Kaufman (1981), in his review of the state of the art 
of the WISC-R and learning disabilities, stated:
It is time to call a halt to virtually all
factor-analytic investigations of the WISC-R. EnoughI
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We understand the factor structure of the instrument.
We do not need to know more about slight differences in 
the two or three factors for various ethnic or 
exceptional groups... Small differences in factorial 
composition from sample to sample cannot be attributed 
to ethnic membership or type of exceptionality; they 
are just as likely to be due to an irrelevant, 
uncontrolled variable or, most likely of all, to the 
chance fluctuations that are known to characterize 
correlation matrices. Future research in this area 
should focus on what the factors mean in either a 
theoretical or clinical sense. (p. 571)
In an article entitled "Cross-validation of the
WISC-R Factorial Structure Using Three-mode Principal
Components Analysis and Perfect Congruence Analysis,"
Kroonenberg and ten Berge (1987) discussed the above
statement by Kaufman. They stated that:
It should, however, be realized that his [Kaufman's] 
claim with respect to chance fluctuations and other 
causes for differences between studies is conjecture 
and not firmly rooted in evidence... The controversy 
is real, and authors have claimed to find important 
differences for special groups, (p. 208)
O'Grady (1989) in the same vein stated:
In contrast to Kaufman's (1981, 521) statement ... the 
present investigation suggests that the factor 
structure of the WISC-R still warrants further 
investigation, given the fact that all the substantive 
models offered in the literature to explain the WISC-R 
performance contain some misspecification. (p. 191)
Other problems with the WISC-R are worthy of note at 
this point. Above age 12 a scale score of 19 cannot be 
obtained on either the Arithmetic or Picture Completion 
subtests. Above age 14 Information is added to the list of 
scaled scores with reduced spread, and by age 16 the 
top-scaled score is less than 19 on 7 of the 12 subtests. 
This means that the spread of subtest scores for high-IQ
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
10
subjects is artificially reduced. The effect of this 
reduced spread on factor-analytic studies has yet to be 
determined. It must also be noted that only 55 subjects 
with IQ between 5 and 70 were included in the 
Standardization sample (Quattrocchi & Sherrets, 1980) and 
that "the sample was limited to 'normal' children, with no 
institutionalized mental defectives or children with severe 
emotional problems" (p. 298). It, therefore, follows that 
the factor structure for the standardization sample is not 
greatly influenced by IQ below 70 and above 130.
It was noted earlier that some researchers made much 
of the inconsistencies between their results and Kaufman's 
results, whereas others ignored the inconsistencies. In 
order to further understand the inconsistencies in the 
results, an analysis was made of the studies where enough 
information was available to apply standard criteria for 
deciding the number of factors to report and whether a 
subtest loaded significantly on a factor. Tables 1 and 2 
present summaries of this analysis. The criteria chosen 
were: (1) factors with eigenvalues greater than one were
reported and (2) loadings greater than .3 were considered 
to be significant.
In Table 1 each subtest was reported to load on the 
factor on which it had its highest loading, following 
Kaufman (1975), whereas in Table 2 if a subtest loaded 
significantly (.3 or above) on more than one factor, this
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TABLE 1
NUMBER OF TIMES EACH SUBTEST 









Information 45 1 1 1
Similarities 47 1
Arithmetic 19 2 24 1
Vocabulary 47 1
Comprehens ion 45 3
Digit Span 13 18 2
Picture
Completion 40 3 8
Picture





Coding 10 10 17 7
Mazes 16 1
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TABLE 2
NUMBER OF TIMES EACH SUBTEST 









Information 46 10 13 1
Similarities 47 17 2
Arithmetic 32 12 24 2
Vocabulary 47 10 5 1
Comprehens ion 46 15 8
Digit Span 15 1 18 2
Picture
Completion 14 40 7 7
Picture
Arrangement 25 42 7 4
Block
Design 9 47 7
Object
Assembly 1 47 4
Coding 14 16 17 7
Mazes 16 1
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was reported. Forty-eight studies were found where enough 
information was reported to make the appropriate decisions.
In 5 studies Digit Span was not included. Hazes was 
not included in 31 studies, and in 4 studies Coding did not 
load significantly on any factor. Of the 48 studies, 28 
were 3-factor solutions, 11 were 2-factor solutions, 8 were 
4-factor, and 1 was a 5-factor solution.
The nine studies with more than a 3-factor solution 
were done with restricted IQ ranges. Four of the studies 
were done with gifted students, whereas five were done with 
American Indians with low IQ scores.
In Table 2, the number of times Coding and Picture 
Arrangement load on more than one factor (factors that 
supposedly measure different constructs) seems to suggest 
that Coding and Picture Arrangement are the two subtests 
that are the most difficult to understand. Even in Table 
1, where only the highest loading is reported, Coding seems 
to be difficult to explain. It loads as many times on the 
verbal factor as on the performance factor. Is it a Verbal 
subtest or a Performance subtest? If the verbal and 
performance factors represent two different constructs, why 
do these two subtests load on both factors?
A number of other split loadings in Table 2 require 
some type of explanation. Further study is, therefore, 
needed to understand the relationship of these subtests to 
the various factors.
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One possible method to use in trying to clarify the
factor structure of the WISC-R is to study restricted IQ
ranges. Guertin and Bailey (1970) suggest that:
The more molecular trait and instrument structures 
emerge clearest when a narrow range of talent is 
employed (narrow focus). When small differences exist 
among subjects with respect to a dominant trait such as 
intelligence most of the common variance was composed 
of the contingencies invariables attributable to 
subject characteristics of lesser scope or importance.
A closer look at the trait structure is possible and so 
homogeneous sampling usually is required in later, more 
definite studies of an area. As homogeneity washes out 
large group factors, these other smaller factors move 
up in importance as measured by the proportion of 
common variance they account for. Not only are lesser 
traits brought forth but so too are the so-called 
instrument factors, (p. 176)
What Guertin and Bailey seem to be saying is that in 
order to determine whether different subgroups have 
different factor structures, restricted ranges must be 
compared with each other.
Most of the studies done with restricted IQ ranges 
(Brown & Rood, 1982; Brown & Yakimowski, 1985; Cummins & 
Das, 1980; Karnes & Brown, 1980; Speck, 1979; Van Hagen & 
Kaufman, 1975) used a wide age range. They also suffered 
from small sample size. The most consistent feature of the 
studies with restricted IQ ranges is that there is no one 
pattern of factor structure across the WISC-R subtests. It 
is possible that both sample size and different age ranges 
contributed to the inconsistency in the results. This, 
however, is yet to be determined. It is also possible that 
the factor structures reported by some of the studies with
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
1 5
narrow IQ ranges truly represent the factor structure of 
the WISC-R. Kaufman (1979b), in an investigation of the 
amount of specific variance contained in each subtest, 
concluded that "the proportion of common variance (equal to 
1.00 minus the sum of the specific and error variances) 
exceeds the proportion of specific variance for most 
subtests" (p. 13). His table presented as evidence shows 
that fully 5 of the 12 subtests had more specific variance 
than common variance. The 5 subtests were Digit Span, 
Picture Completion (ages 6^-8$), Picture Arrangement, 
Coding, and Mazes. These are some of the same subtests 
that show up as inconsistencies in the factor structure 
(see chapter 2, "Review of The Literature").
From the above discussion, there seems to be a 
definite need for clarification of the factor structure of 
the WISC-R when restricted IQ ranges are used. This 
clarification will only result when sample sizes are 
adequate and both IQ ranges and age ranges are 
systematically controlled.
Statement of the Problem
This study addressed the problem of lack of 
consistency in the results of factor-analytic studies of 
the WISC-R with samples of Mildly Mentally Retarded, 
Average, Above Average, and Gifted students (as defined by 
a cut-off score). The lack of consistency in the results 
might be due to (1) the problem of the relatively small
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sample size of a number of the studies, (2) differences in 
the distributions of the samples in terms of age and IQ 
ranges, (3) and problems with restricted-scale score ranges 
of the WISC-R at certain age levels. This study, 
therefore, addressed these problems in order to investigate 
the issue of lack of consistency.
Purpose of the Study 
The purpose of this study was to investigate the 
factor structure of the WISC-R when Full Scale IQ scores 
fall within a restricted range. By (1) using large sample 
sizes, (2) restricting both IQ range and age range, and 
(3) comparing the results to the results of wider age 
ranges and wider IQ ranges, further clarification of the 
factor structure of the WISC-R can be obtained. This study 
further departed from previous studies in the strict 
examination of the correlation matrix using both 
statistical and subjective criteria before factor analysis 
was carried out. Further, after a number of solutions were 
obtained, residuals in the reproduced correlation matrix, 
communalities, and loadings were examined and decisions as 
to whether the model fitted the criteria were made using 
conservative criteria. This approach was taken because of 
the concern for over-factorization raised by Gorsuch 
(1983), O'Grady (1989), and Zwick and Velicer (1986).
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Research Questions
The major research question for this study is: Will
the best structure for all the samples be the one most 
widely reported in the literature (the 2- and 3-factor 
structure) or will the structure change as the IQ range 
narrows? From this broad question, ten specific questions 
were identified.
These questions were:
Question 1: What is the factor structure of the
WISC-R subtest scores when a large sample (3,493 subjects) 
of referred students between ages 6-0 and 12-11 with IQs of 
40 to 155 is used?
Question 2: What is the factor structure of the
WISC-R subtest scores when the above sample is divided into
seven different age groups?
Question 3: What is the factor structure of the
WISC-R subtest scores when the age groups are selected so
that Full Scale IQ distributions are not significantly 
different from a normal distribution?
Question 4 : What is the factor structure of the
WISC-R subtest scores when the large sample is divided into
two groups according to whether they receive Coding A or 
Coding B?
Question 5 : What is the factor structure of the
WISC-R subtest scores when the sample between ages 8.00 and
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12.11 is divided according to IQ ranges, such as below 80 
(below average), 80-119 (average) and above 119 (superior)?
Question 6: What is the factor structure of the
WISC-R subtest scores for referred students with Full Scale 
IQs above 115? A number of studies with "gifted” samples 
used a cut-off score of 115; thus, the answer to this 
question allows comparison with existing research.
Question 7: What is the factor structure of the
WISC-R when groups of students, who scored within one 
standard deviation of each other (70-84, 85-99, 100-114, 
115-129, 130-144), are selected so that the IQ range is 
equal for all groups?
Question 8: What is the factor structure of the
WISC-R subtest scores for referred students with Full Scale 
IQs between 115 and 129? The answer to this question, 
taken together with the answer from Question 9, will allow 
comparison between the factor structure of "bright" and 
"gifted” students.
Question 9 : What is the factor structure of the
WISC-R subtest scores for referred students with Full Scale 
IQs above 129? Many school districts use 129 as a cut-off 
score for placement in gifted programs. Therefore, this 
question addresses the issue of the factor structure for 
gifted students.
Question 10: What is the factor structure of the
WISC-R when the analysis is done without Digit Span for the
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groups in Questions 1, 5, and 8? Since a number of 
analyses in the literature were done without the variable 
Digit Span, the answer to this question will provide 
results that can be compared with earlier studies.
Significance of the Study
There are many statements in the literature to the 
effect that research investigations of factor structure of 
the Wechsler Intelligence Scale for Children— Revised have 
consistently found a Verbal Comprehension and Perceptual 
Organization factor across populations with different 
academic classifications and diagnostic categories (e.g., 
Greenberg, et al., 1986). On the other hand, there are 
many who point out the differences in the factor structure 
(e.g., Brown & Yakimowski, 1985; Groff & Hubble, 1982).
Part of the significance of this study lies in its attempt 
to clarify the picture by addressing two of the major 
problems with previous studies, namely, small sample size, 
large age ranges and/or different IQ cut-off scores, or 
smaller age ranges and wide IQ scores. Studies have not 
limited both IQ ranges and age ranges in any consistent 
way. If a clarification could be obtained, it would add to 
the knowledge of the factor structure of the WISC-R and 
also enhance the use of the WISC-III (the new version of 
this test) in identifying exceptional populations.
Some authors propose that the use of strict IQ 
criteria for entrance to gifted and talented programs be
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terminated (Renzulli, Reis, & Smith, 1981). Yet, many
school districts require cut-off levels of WISC-R/WISC-III
scores that must be achieved by students prior to admission
to gifted and talented programs (Fox, 1981). Brown and
Yakimowski (1985) argue the dilemma in the following way:
The results of the factor analysis of the gifted 
sample appear to suggest that there exists a major 
difference in the manner in which gifted subjects 
process information from those that are not gifted, as 
indicated by major differences in the factor solution 
obtained for the two samples as originally proposed by 
the earlier work of Brown and Rood (1982).
If the subjects in the gifted sample are 
conducting mental processing in the same manner as the 
nongifted group but, just scored higher, then the 
factor solution for each group should have been 
identical. Merely higher scores on the WISC-R subtests 
for the gifted sample would not have resulted in a 
factor solution different from those identified by 
Karnes and Brown (1980), Wechsler (1974), or Kaufman 
(1979a).
If as the present study suggests, there exists a 
major difference in the cognitive processing of 
children identified as gifted from those who are not, 
then the use of WISC-R cut-off levels, for the Verbal, 
Performance and Full Scale IQ may be an inappropriate 
method for selecting students for participation in 
gifted programs. A better selection system may be 
developed by examining the 4-factor solution of the 
present study and focusing on the performance of 
students on specific subtests and patterns of subtests 
comprising these factors.
Though the present results are not ready to be 
employed for selection procedures without further 
examination, the implications and ramifications for 
selection procedures and for models of the cognitive 
processing of gifted children are apparent. Gifted 
children qualitatively and quantitatively mentally 
process information differently than average children 
and therefore, selection procedures for gifted 
programs focusing only on IQ scores are inappropriate.
(p. 10)
This argument is based on the assumption that Brown 
and Yakimowski's sample was identified without an IQ
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cut-off score criterion. (They report that their sample 
was based on "local criteria," but no definition of local 
criteria was reported. It should also be noted that the 
scores were collected from all over the state.) For their 
argument to be valid, Brown and Yakimowski's sample must 
have been identified without reference to a cut-off score; 
also students with high IQ scores but lacking the "local" 
characteristics of giftedness must have been excluded from 
the gifted sample. There is no evidence that this was 
done. Another condition that must be met for the 
abandonment of cut-off scores is that students with low IQ 
but with other characteristics of giftedness must be 
included in the sample.
It is likely that a cut-off score, supplemented by 
other criteria, was used in identifying most of the 
students in the gifted sample studied. The mean IQs were 
131.58 Verbal, 124.22 Performance, and 131.25 Full Scale. 
Brown and Yakimowski's argument for the abandonment of a 
cut-off score is based on the assumption that their sample 
would have been different if the "local criteria" had been 
a cut-off score. If it can be shown that the factor 
structure of the WISC-R is different at different cut-off 
scores, then research must be directed at finding the most 
appropriate cut-off score to identify gifted students. It 
is important, therefore, that this issue be clarified. If 
this issue can be clarified, one more step in solving the
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dilemma surrounding the identification of gifted students 
would be made.
Shore (1986) quoted Brown and Yakimowski's study as 
part of the link in demonstrating that gifted students 
think differently than non-gifted students. It is 
important to note, however, that Brown and Yakimowski's 
sample was only 66 subjects (gifted sub-population with 
Digit Span). It must also be noted that Karnes and Brown 
(1980) (N = 946) reported a factor structure similar to 
Kaufman (1975) but different from Willson, Gilberg, and 
Reynolds (1982). The sample (N = 362) of Willson et al.
was based on the same criteria as used by Karnes and Brown
(1980). The sample in all of these studies had a wide age 
range. The number of students at each age level was not
reported. Other aspects of the sample distribution also
were not reported. It is difficult, therefore, to explain 
the discrepancy in results between the studies of gifted 
children. Regardless of the source of disparities, 
sample-specific factors have limited conceptual value. If 
slight variations in selection criteria are associated with 
major differences in factor structure (e.g., one versus 
five factors), the implications for professional practice 
remain tenuous and error prone. If a small step is made to 
clarify this position, a small step will have been made in 
providing better education for those students we term 
"gifted."
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At the lower end of the IQ scale (IQ below 79) the 
same type of confusion exists. Cummins and Das (1980) and 
Schooler, Beebe, and Koepke (1978) found factor structure 
similar to that obtained from the standardization sample. 
However, Van Hagen and Kaufman (1975) found differences 
between the third factor of the "retarded" group and the 
third factor of the standardization sample. The difference 
was interpreted as an "unstable [factor], perhaps due to 
the relatively small sample size [N = 80]” (p. 664). Groff 
and Hubble (1982), using two samples, ages 9-11 and 14-16 
(Ns = 103 and 78), also found differences in the third 
factor. The younger group had a factor structure similar 
to the standardization sample, whereas the older group had 
a different structure when compared to both Van Hagen and 
Kaufman (1975) and the standardization sample (Kaufman, 
1975). Groff and Hubble suggest that "factors extracted 
from the WISC-R scores of low-IQ samples with wide age 
ranges may not accurately represent dimensions present at 
more narrow ranges within these samples" (p. 149). It 
could be argued, however, that the differences found by 
Groff and Hubble might be due to a small sample size. This 
position, therefore, needs to be clarified.
Practitioners are requested to subjugate specific 
interpretations of the WISC-R subtests for more global 
interpretations that stem from the Verbal-Performance 
dichotomy as a result of factor-analytic studies (Kaufman,
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197 9b). If the same factor structure (as those found in 
studies with broad IQ ranges and wide age ranges) cannot be 
substantiated at narrower IQ and age ranges, then the 
results of factor-analytic studies with wide age and IQ 
ranges cannot be applied to individuals. It is therefore 
necessary for the factor structure, at narrow IQ ranges, to 
be clarified. Thus, patterns of covariation, or individual 
differences, within a restricted range of Full Scale IQ are 
of unique interest, regardless of how these patterns might 
compare with those obtained across the full range of Full 
Scale IQ. The empirical problems relate to the strength 
and stability of individual differences within the 
restricted range.
Lastly, and to raise the point again, since the 
WISC-III is not a major departure from the WISC-R 
(Wechsler, 1991), before a number of factor-analytic 
studies are done with the WISC-III, it is necessary that 
some of the controversy over the factor structure of the 
WISC-R be addressed. As was stated earlier, the validity 
studies (those using factor analysis) that were done in 
conjunction with the standardization of the WISC-III "have 
been interpreted in light of the research literature [on 
the WISC-R]" (Wechsler, 1S91, p. 187). More significantly, 
a 5-factor model was rejected for the WISC-III because "a 
substantial number of previous studies concluded that 
Picture Arrangement loads on the Perceptual Organization
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factor" (Wechsler, 1991, p. 194). If this study serves to 
clarify the role of Picture Arrangement in the Perceptual 
Organization factor, it would be of some assistance in 
interpreting the WISC-III results.
Definition of Terms 
The following definitions were used in this 
investigation:
Communalitv: Initial communality gives the overlap
of the variance of the variable in question with the other 
variables. Final communality represents the variance 
overlap of the variable in question with the factors.
The communality for a variable interacts with the 
number of factors extracted. The effect depends upon
whether or not an individual variable is related to the new
factor extracted. If it is, the communality increases; 
otherwise it remains the same.
Eigenvalues: Eigenvalue refers to that amount of the
total variance which is accounted for by a given dimension
(component).
Factor Analysis: The reduction of large fields of
data to a small subset of constructs or factors, where the 
"inter-variable relationships are expressed in the form of 
correlation coefficients" (Buss & Poley, 1976, p. 18) and 
where "each factor represents an area of generalization 
that is qualitatively distinct from that represented by any 
other factor" (Gorsuch, 19 83, p. 2).
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Factor Loadings: A measure of the degree of
generalizability found between each variable and each 
factor (Gorsuch, 1983, p. 3); type of correlation 
coefficient resulting from the relationship of a variable 
and a factor (Kerlinger, 1986). The farther the factor 
loading is from zero, the more one can generalize from that 
factor to the variable.
In the oblique rotation, these loadings are found in 
the Pattern Matrix. The loadings represent the correlation 
between the factor and the variable, when all the variance 
with other factors is removed. Therefore, it does not 
represent the correlation between the factors.
KMO (Kaiser-Mever-Olkint; An index for comparing the 
magnitude of the observed correlation coefficients to the 
magnitude of the partial correlation coefficients. It is a 
measure of sampling adequacy for factor analysis.
Overfactorina; When too many factors are retained in 
a factor analysis.
Pattern Matrix: The Pattern Matrix defines the
simple structure configuration. It is the table of factor 
loadings. This matrix represents the correlations between 
the variables and the factors when the variance 
attributable to all the other factors have been removed.
It, therefore, reflects the distinctive relationship of the 
factor to the variable.
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Structure Matrix: A matrix of correlations of the
variables with the factors. By examining which variables 
correlate high with the factor and which correlate low, it 
is possible to draw some conclusions as to the nature of 
the factor (Gorsuch, 1983). The correlation coefficients 
in this matrix do not reflect the independent contribution 
of the variable to the factor, because the correlation 
between a variable and a factor is a function not only of 
its distinctive variance but also of all the variance of 
the factor that overlaps with the other factors.
WISC-R Cut-Off Score; The point of cut-off for a 
range of IQ scores on the Wechsler Intelligence Scale for 
Children— Revised.
Limitations of the Study
This was an exploratory study; thus it served to 
raise questions about structure, rather than to make 
applications to practice. Results can only be applied to 
practice if they are in agreement with a large body of 
literature.
All students in the sample were students who were 
referred either because they were having problems in the 
regular classroom or they were doing very well (in the 
referring teacher's opinion). The sample was obtained from 
cooperating school districts in Alberta and Saskatchewan,
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Canada. The results are, therefore, only applicable to 
Canadian students.
The sample was not randomly selected. Therefore, any 
randomness in the sample was due to the relatively large 
number of school districts participating and to the mixture 
of urban and rural districts that was involved. The 
results can, therefore, only be applied to this sample. 
However, clinical samples are of interest to researchers in 
their attempt to sort out the structure of the WISC-R.
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SELECTED REVIEW OF LITERATURE
Several areas pertaining to this proposed study were 
reviewed: the Wechsler Intelligence Scale for
Children— Revised (WISC-R), factor analysis of the WISC-R 
and WISC-III, and other relevant studies done with the 
WISC-R.
Wechsler Intelligence Scale for Children—
Revised WISC-R
The Wechsler Intelligence Scale for Children— Revised 
(WISC-R) (Wechsler, 1974) was published in 1974, 25 years 
after the publication of the WISC (Wechsler, 1949), its 
predecessor. The WISC-R covers ages 6 years, 0 months, 0 
days to 16 years, 11 months, 30 days.
The WISC-R was standardized on 2,200 White and 
non-White American children selected to be representative 
of the population on the basis of the 1970 U.S. census 
data. Eleven age groups were included ranging between 6.5 
and 16.5 years of age with 200 children in each group.
There were 100 males and 100 females per group.
The WISC-R is composed of 12 subtests, divided into 
two groups of 6 subtests. The two groups are named the
29
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the Verbal Scale and the Performance Scale. Five of the 6 
subtests on each scale are combined to produce the Verbal 
and Performance IQ scores. The Verbal and Performance 
scores are added together and computed to produce the Full 
Scale IQ Score.
The six Verbal subtests include Information, 
Similarities, Arithmetic, Vocabulary, Comprehension, and 
Digit Span. The six Performance subtests include Picture 
Completion, Picture Arrangement, Block Design, Object 
Assembly, Coding, and Mazes. Digit Span and Mazes are not 
included in the calculation of the three scaled scores.
When the WISC-R is administered, raw scores are first 
obtained on each subtest; they are then converted to 
normalized standard scores (or scaled scores) within the 
examinee's own age group by use of a table in the WISC-R 
manual. The scale scores for each scale are added and are 
transformed into IQ scores by use of IQ tables in the 
manual. All three IQs are Deviation IQs with a mean of 100 
and a standard deviation of 15.
Reliability 
Wechsler (1974) reported average reliability 
coefficients, based on the 11 age groups, as .96 for the 
Full Scale IQ, .94 for the Verbal Scale IQ, and .90 for the 
Performance Scale IQ. The range for the Verbal Scale was 
.91 to .96; for the Performance Scale, .89 to .91; and for 
the Full Scale, .95 to .96. Subtest reliabilities,
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
3 1
although adequate, were less than scale reliabilities. 
Average reliability for each subtest was as follows: 
Information, .85; Similarities, .81; Arithmetic, .77; 
Vocabulary, .86; Comprehension, .77; Digit Span, .78; 
Picture Completion, .77; Picture Arrangement, .73; Block 
Design, .85; Object Assembly, .70; Coding, .72; and Mazes, 
.72 .
Validity
The criterion validity of the WISC-R has been 
investigated by correlating it with the Wechsler Preschool 
and Primary Scale of Intelligence (WPPSI), Wechsler Adult 
Intelligence Scale (WAIS), and the Stanford-Binet Form L-M, 
other intelligence tests, and measures of achievement and 
school grades.
WISC-R and WPPSI
Since the WISC-R overlaps the WPPSI at the lower age 
levels, either test could be used to assess a child in 
these age categories. The WISC-R manual cites a study 
where a representative sample of 50 children (males and 
females who were 6 years, 10 months of age) was given the 
two tests in counterbalanced order with an interval of 1 to 
3 weeks between testing. The correlations between each of 
the three scales on the two tests were .80 for the Verbal 
Scale, .80 for the Performance Scale, and .82 for the Full 
Scale IQ. There were small differences of 1.5, 2.8, and
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2.5 IQ points on the Verbal, Performance, and Full Scale 
IQs between the two tests, with the WPPSI producing the 
higher scores. Weschler concluded that the tests measure 
the same variables and had good criterion validity.
WISC-R and WAIS
The WISC-R and WAIS overlap at the high end of the 
WISC-R. Wechsler (1974) chose a representative sample of 
40 children and administered the two tests in counter­
balanced order. The correlations between each of the three 
scales on the two tests were .96 (Verbal), .83 
(Performance), and .95 (Full Scale), again demonstrating 
good validity. Similarly, Wechsler (1981) reported 
correlations of .88, .71, and .88 between the WISC-R and 
the WAIS—R Verbal, Performance, and Full Scale IQs, 
respectively, for 80 normal 16-year-olds. In a study by 
Rubin and Goldman (1985), 41 mentally retarded subjects 
were tested with the WISC-R when they were between 12 and 
15 years of age, and with the WAIS-R when they were between 
15 and 21 years of age. The resulting correlations were 
.80, .82, and .83 for Verbal, Performance, and Full Scale 
IQs, respectively. This study further demonstrates the 
relationship between these two tests, even when they are 
administered years apart.
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Other Concurrent Validity 
Studies
Sattler (1988) reported the results of a number of 
studies that have compared a variety of ability and 
achievement tests and grades. The studies indicate that 
when intelligence tests, receptive vocabulary tests, 
achievement tests, and school grades are used as criteria, 
the WISC-R has satisfactory concurrent validity. Median 
correlations range from the upper .30s to low .80s.
WISC-R Subtest Descriptions 
The following descriptions are condensed from Sattler 
(1988, p. 147-163), Assessment of Children. Third Edition. 
Mazes was excluded since it is not relevant to this study.
Information
The Information subtest contains 30 questions which 
sample a broad range of general knowledge. It samples the 
kind of knowledge that average children with average 
opportunity acquire for themselves. Thus, Information 
provides clues about the child's ability to store and 
retrieve old data.
Similarities
The Similarities subtest contains 17 pairs of words; 
the children must explain the similarity within each pair. 
At one level, the questions on the Similarities subtest 
require a child to perceive the common elements of the
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terms he/she is asked to compare. At another level the 
questions measure verbal concept formation. In addition, 
memory may be involved.
Arithmetic
The Arithmetic subtest contains 18 orally presented 
problems. The child is required to give answers without 
using paper and pencil. The problems on the Arithmetic 
subtest require the child to follow verbal directions, to 
concentrate on selected parts of the questions, and to use 
numerical operations. The Arithmetic subtest, therefore, 
measures numerical reasoning ability, concentration and 
attention, and a knowledge of numerical operations.
Success on the subtest is influenced by education, 
interests, fluctuations of attention, and transient 
emotional reactions.
Vocabulary
On the Vocabulary subtest, the child is asked to 
explain the meaning of words. It is a test of word 
knowledge. According to Sattler (1988) it may involve 
several cognitive functions— including learning ability, 
fund of information, richness of ideas, memory, concept 
formation, and language development— that may be closely 
related to a child's experiences and educational 
environments. He notes that the subtest provides an 
excellent estimate of intellectual capacity.
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Comprehens ion
The Comprehension subtest consists of questions that 
deal with a variety of problem situations, involving 
subjects such as one's body, interpersonal relations, and 
social mores. Success depends, in part, on possession of a 
certain amount of practical information plus an ability to 
draw on past experiences in reaching the solution to a 
variety of situations. Responses, in part, reflect the 
child's knowledge of conventional standards of behavior, 
extensiveness of cultural opportunities, and development of 
conscience or moral sense. It, therefore, measures social 
judgment or common sense and a grasp of social 
conventionality.
Digit Span
On the Digit Span subtest, the child listens to a 
series of digits, given orally by the examiner, and is then 
required to repeat the digits in the same order (Digit 
Forward) as the examiner said them or in reverse order 
(Digit Backward). This subtest is not counted in obtaining 
the IQ scores. The Digit Span subtest is a measure of 
short-term memory and attention. Excessive anxiety is 
purported to affect a child's score on this subtest. Digit 
Forward involves primarily rote learning and memory, 
whereas Digit Backward requires considerably greater 
transformation of the stimulus input prior to recall.
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Digit Backward may indicate flexibility, good tolerance for 
stress, and excellent concentration.
Picture Completion
The Picture Completion subtest consists of 26 
drawings of objects from everyday life. Each picture is 
missing a single important element. This subtest involves 
recognizing the picture, appreciating its incompleteness, 
and determining the missing part. It is a test of a 
child's ability to tell the difference between details 
essential and details nonessential to the picture. It 
requires concentration, reasoning (visual alertness), 
visual organization, and visual memory. It is, therefore, 
a measure of perception, cognition, judgment, and delay of 
impulse.
Picture Arrangement
The Picture Arrangement subtest requires the child to 
place a series of pictures in a logical sequence. The
subtest measures the child's ability to comprehend and size
up a total situation. The child must grasp the general 
idea of the story to be successful. It is a nonverbal
reasoning test which may be viewed as a measure of planning
ability involving anticipation and visual organization.
Block Design
In the Block Design subtest, the child is shown 
two-dimensional, red-and-white pictures of abstract design.
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The task requires using blocks to assemble a design that is 
identical to the design on each picture. The Block Design 
subtest indicates a person's skills in concept formation 
involving analysis and synthesis. Success involves the 
application of logic and reasoning to spatial-relationship 
problems.
Object Assembly
The task for the Object Assembly subtest involves the 
assembling of four jigsaw problems. As the Block Design 
subtest, this one requires visual-motor coordination to 
complete the task. It is a test of perceptual-organization 
ability. Sattler (1988) notes that the task requires some 
constructive ability as well as perceptual skill.
Coding
The Coding subtest requires the copying of symbols 
that are paired with other symbols. It consists of two 
separate subtests, Coding A, which is administered to 
children under 8 years of age, and Coding B, which is 
administered to those who are 8 years and over. This 
subtest is a test of psychomotor speed. Success is related 
to a child's comprehension of the task, skill with a pencil 
and paper, visual-motor coordination, rapidity of mental 
operations, and to some extent, short-term memory.
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Limitations of the WISC-R
The WISC-R is an excellent instrument; yet, there are 
a number of difficulties with the test that are relevant to 
any analysis that includes a number of age groups. The 
following are some of the difficulties listed by Sattler:
1. Limited applicability of norms for children 
younger than 6 years, 4 months of age and for children 
older than 16 years, 8 months of age (As the 
standardization sample did not include children who were 
between 6 years, 0 month and 6 years, 3 months of age, the 
standardized normative scores are arrived at by 
extrapolation)
2. Limited floor and ceiling (The range of Full 
Scale IQs [40 to 160] is insufficient both for severely 
retarded children and for extremely gifted children)
3. Nonuniformity of scaled scores. It is only in 
the 6- through 10-year-old age range that children can 
receive up to 19 scale-score points on all subtests. After 
10 years of age it is not possible for a child to receive 
19 scale-score points on some subtests. For example, at 
age 11 years, the highest raw score on the Arithmetic 
subtest (18 points) receives a scale of 18. At age 16 
years, 8 months, this same raw score receives a scale-score 
of 16. On only 5 of the 12 subtests can children age 16 
years, 8 months and older receive the highest scaled score.
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Sattler says that this lack of uniformity of 
available scaled scores throughout the entire age range 
makes scatter analytic techniques more difficult to apply 
to the profiles of older, gifted children. This limitation 
is, therefore, very important for factor-analytic studies 
which include gifted samples ranging from 5 years of age to 
16 years, 6 months of age.
McDonald (1982) investigated the problems with
ceiling effect on protocols of older, gifted children and
found only Coding and Digit Span adequately tested the
total group. She stated:
The measurement problem of the WISC-R for gifted 
children is not simply the expectation of a truncated 
high end due to restriction of range of the total test 
(with 160 highest IQ possible), but also the restricted 
range of items available on each subtest. (p. 75)
The problem of restricted ranges is more pronounced 
if subtest scores are compared over wide age ranges, as is 
the case when factor analysis is done with gifted children 
of wide age ranges.
Factor Analysis of the WISC-R
A number of studies are presented in this section 
dealing with the factor-analytic studies of the WISC-R.
The study which is quoted most often in the literature is 
Kaufman's 1975 factor study of the WISC-R. The review of 
literature for this section, therefore, starts with 
Kaufman's study and then moves to other studies done with
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the standardization group, with gifted students, and with 
other groups.
Kaufman's Factor Analysis 
of the WISC-R
Kaufman (1975) took the correlation coefficients from 
the 1974 WISC-R manual and factor analyzed them at 11 age 
levels. As was described previously, the WISC-R 
standardization sample included 200 children (100 boys and 
100 girls) at each of 11 age levels from 6.5 years to 16.5 
years. Kaufman subjected his data to principal-components 
analysis (l's in the diagonals), followed by Varimax 
rotation of factors with eigenvalues greater than 1. (An 
explanation of this methodology and definition of these 
terms are found in chapter 3.) A principal factor analysis 
(squared multiple correlations in the diagonals as final 
estimate of communalities) was then performed at each 
level, followed by Varimax rotation of 2-, 3-, 4-, and 
5-factor solutions. The Varimax rotation was followed by 
two oblique rotations (Oblimax and Biquartimin). These two 
procedures were performed to assess whether the factor 
structure identified for each group with the Varimax 
rotation was stable and not specific to the mathematical 
procedure employed. To determine whether the emergent 
rotated factor was meaningful, Kaufman specified the 
following criteria:
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1. Did the factor include one (but preferably more 
than one) loading of .20 or greater?
2. Did the factor appear in the solutions of at 
least 6 of the 11 age groups?
3. If the factor appeared at fewer than six of the 
age groups, was there a possible developmental explanation 
(e.g., a factor appearing at ages 6.5, 7.5, and 8.5, but at 
no subsequent age levels, would probably be meaningful from 
a developmental perspective)?
In his procedure section he stated that the answers 
to these questions ("Yes” was required for 1 and for either 
2 or 3), in conjunction with the objective results of the 
principal-components solutions, were used to determine 
which of the Varimax-rotated principal factor solutions 
made the most psychological sense for each group.
The principal-component technique produced two 
significant factors at six age levels and three significant 
factors at five age levels. The first two— following 
Cohen's (1959) earlier work with the WISC (Wechsler, 1949) 
— he named Verbal Comprehension and Perceptual 
Organization, and the third he named Freedom from 
Distractibility.
The 2-factor solution. Kaufman's (1975) 2-factor 
solution from the Principal Factors method and the Varimax 
rotation criteria produced what he called "clean-cut verbal 
and performance factors” (p. 137) at all age levels. He
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declared this pattern to be similar to the dichotomous 
Wechsler scales, which suggested the WISC-R's construct 
validity. Kaufman did not present evidence for this 
statement in his report.
The 3-factor solution. For the 3-factor solution, 
Kaufman found, in addition to retaining the dual division, 
a third factor which was similar to Cohen's Freedom from 
Distractibility. High loadings were reported across nine 
of the age levels; contaminated loadings appeared for some 
of the performance subtests at ages 6.5 and 14.5.
The 4-factor solution. Kaufman said the 4-factor 
solution produced the above-mentioned three factors at all 
age levels in addition to another factor that resembled 
Cohen's Quasi-Specific factor. This Quasi-Specific factor 
was made of different subtests at different age levels. He 
did not present all the results with regard to this 
solution in his published results.
The 5-factor solution. According to Kaufman, nothing 
new appeared in the 5-factor solution. He discarded it.
Kaufman's conclusion. Kaufman (1975) concluded that 
"the structure of the WISC-R has been shown to be stable 
across statistical techniques as well as across the entire 
age range for which the battery is intended" (p. 147). He 
continued: "The developmental trends evident in the
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solutions proved to be extremely minor in the face of 
overwhelming consistency of the Verbal Comprehension, 
Perceptual Organization, and Freedom from Distractibility 
factors across the 6$-16$ year range" (p. 147). It must be 
remembered that Kaufman's sample was made up of mostly 
"normal" children. The majority of students had IQs within 
the average range. It is also noteworthy that Kaufman 
found some evidence that he was not able to interpret.
These are outlined in the next subsection.
Kaufman's results which were contrary to his 
conclusion. Kaufman included the following results in his 
1975 article:
1. Coding loaded much higher on the verbal factor at 
six age levels in the 2-factor rotated solution.
2. At ages 6$ and 14$, the third factor had moderate 
loadings of about .40 by a few performance tests, with 
coding appearing at both ages.
3. The Quasi-Specific Factor (Mazes, Coding, and 
Comprehension) appeared at ages 6$, 7$, 12$, 15$, and 16$. 
At ages 10$ and 11$ the factor included Mazes and Block 
Design. At 8$, all tests loaded below .20; at 9$, only 
Picture Arrangement, with loading of .22, passed the 
minimum criterion; and at 13$, the fourth factor had 
loadings of about .30 by Arithmetic and Picture Completion. 
Kaufman (1975) noted that:
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The Quasi-Specific factor certainly seemed to be 'real' 
in the sense that it is not due merely to sampling 
fluctuations in the intercorrelation matrix. . . . 
Nevertheless, it is interpreted as not being meaningful 
because the tests that loaded on the factor along with 
coding varied markedly from age to age, and the ability 
underlying the factor does not seem to be an important 
(or clearly definable) dimension of intelligence.
(p. 137)
4. The 3-factor Varimax rotated solutions were 
chosen as the most sensible for nine of the age groups.
The 4-factor solutions were chosen for the other two ages 
(6$ and 14$), since the Freedom from Distractibility factor 
did not emerge until a fourth factor was extracted.
It is difficult to discuss these results from the 
point of view of the sample, since all that is known of the 
sample from either Kaufman (1975) or Wechsler (1974) is the 
number in each age group. There are no data on the 
distribution of IQ scores at each age level. The 
distribution data that are provided by Wechsler are for the 
total sample. If the distributions are different at 
different age levels, this can possibly explain some of the 
inconsistency in Kaufman's results.
Since Kaufman's (1975) study, many other factor- 
analytic studies of the WISC-R have been done. These 
studies are discussed in the remainder of this section.
Other Studies With the 
Standardization Data
Gutkin and Reynolds (1981) divided the 
standardization sample into two groups according to
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race— 1,868 White and 305 Black. The factor structure of 
the 2- and 3-factor principal axes analysis for each group 
was similar to Kaufman's (1975) result, except that coding 
failed to show substantive loadings on Factor 2, in the
2-factor solution. Thus using the same sample as Kaufman 
(divided differently instead of 11 groups), the question of 
Coding surfaces again.
Carlson et al. (1983) divided the standardization 
sample into upper and lower SES groups. Again Coding did 
not load substantially on Factor 2, in the 2-factor 
solution.
Kroonenberg and ten Berge (1987) used three-mode 
principal-component analysis and perfect-congruence 
analysis in conjunction to investigate the factor structure 
of 11 correlation matrices, including the standardization 
sample. Their results were similar to Kaufman's results.
O'Grady (1989), using confirmatory techniques, did a 
reanalysis of the data from the standardization sample and 
a reanalysis of the data from nine other published studies. 
His conclusions were:
1. There was a decided rejection of the orthogonal
2- and 3-factor models.
2. The oblique models were a better fit. However, 
the results indicated that it is problematic to conclude 
which, if any, of the models would be the most reasonable. 
The results of his analysis suggested that some model
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beyond a single-factor model would fit the data better than 
a single model. Yet the 2- or 3-factor model did not fit 
the data best. He was not able to arrive at a model that 
was most satisfactory, but favored a 1-factor model. His 
reasoning was that the oblique 2-factor model not only does 
not fit the data substantially better than a single-factor 
model, but also contains some degree of misspecification.
3. The small size of the increments in the 
psychometric indices of fit associated with the inclusion 
of the third factor, in both the normative sample and the 
validation samples, suggest that Freedom from 
Distractibility may have emerged as a factor in many cases 
due to overfactoring.
4. The rejection of several models in the validation 
samples due to improper parameter estimates strongly 
suggests that some considerable portion of factor-analytic 
research with the WISC-R has drawn samples of such small 
size that extremely unstable factor solutions have 
resulted.
Factor Studies of the WISC-R 
With Gifted Students
Karnes and Brown (1980), in a factor-analytic study 
(using Principal factor) of the WISC-R with 946 students 
with IQs 120 and above on either Verbal, Performance, or 
Full Scale, obtained a 3-factor solution. It should be 
noted that Digit Span was not included in this analysis.
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In this study the 3-factor solution was not identical to 
Kaufman's (1975), the most noteworthy difference being the 
fact that Picture Completion and Arithmetic made up the 
third factor, with Coding loading highest on the Verbal 
factor. The subjects ranged in age from 6.0 to 16.0 years. 
The distribution by age was not reported.
In an attempt to replicate the findings of Karnes and 
Brown (1980), Willson et al. (1982) performed a factor 
analysis on a sample of 362 subjects from the 
standardization sample of the WISC-R and on 57 multiethnic 
subjects drawn from an earlier study (Reschly, 1978).
Using the identical criteria for giftedness as Karnes and 
Brown, the factor solution yielded a single factor that the 
authors identified as verbal ability.
Brown and Rood (1982) factor analyzed the WISC-R 
subtest scores of 84 children, ages 5 to 15, with IQs 115 
and above. They reported a 3-factor solution substantially 
different from any 3-factor solution reported before.
Factor 2 was composed of Picture Completion, Picture 
Axrangement, and Coding, whereas Factor 3 was made up of 
Arithmetic, Block Design, and Object Assembly. Again 
distribution by age was not reported. Brown and Yakimowski
(19 85) reported the results of a second analysis of the
same data for 52 of the 84 children. These students had 
IQs above 124. The results indicated four factors.
Factors 1 and 2 were identical to the total sample, but 3
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and 4 were different. Block Design, Object Assembly, and 
Coding loaded on the third factor, and Arithmetic and 
Comprehension loaded on the fourth factor. It should be 
noted that these samples were quite small, and therefore 
factor instability might account for the differences of the 
two results from each other and from previous studies.
Brown and Yakimowski (1985) also found four factors 
for their sample, but the subtests making up these factors 
were different from Brown and Rood's 4-factor solution. 
Factor 2 was identical to Brown and Rood's Factor 1, being 
comprised of Information, Similarities, Vocabulary, and 
Comprehension. Factor 1 included Picture Completion, 
Picture Arrangement, Block Design, and Object Assembly. 
Arithmetic, Information, Coding, and Vocabulary loaded on 
Factor 3. The final factor (Factor 4) had significant 
loadings from Digit Span, Picture Completion, and Arith­
metic. The sample size for this study was 66, ranging in 
ages from 5 to 16 years. Giftedness was defined by "local 
criteria," but the mean Full Scale IQ was 131. It should 
also be noted that Brown and Yakimowski reported all 
subtests with significant loadings as comprising part of 
the factor, even when a subtest appeared in more than one 
factor. This is a departure from the procedure used by 
Kaufman (1975), who associated the variable with the factor 
on which it had the highest loading.
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Greenberg et al. (1986) factor analyzed the scores 
from the 10 regularly administered subtests of the WISC-R 
for a sample of Black and White children evaluated for 
placement in a gifted and talented program. The sample 
consisted of 928 students between the ages of 5 years, 8 
months and 13 years, 8 months. They divided the sample 
according to placement status (nonacceptance or acceptance 
into the gifted program) and by race (White or Black) to 
produce four groups. The sample size for the groups were: 
accepted White, N = 438; accepted Black, N = 127; 
nonaccepted White, N = 166; nonaccepted Black, N = 197.
The criterion for "acceptance" was either an IQ above 129 
or a combination score derived from the Estimated Learning 
Potential and the Reading and Mathematic scores from the 
Comprehensive Test of Basic Skills. The mean Full Scale IQ 
scores for the Black groups (102, 124) were lower than 
those for the corresponding White groups (113, 130).
The 2-factor solution for the nonaccepted Whites 
showed one factor with Information, Similarities, 
Vocabulary, and Comprehension loading on the first factor 
and the other with Block Design, Object Assembly, and 
Picture Arrangement loading on it. Coding was not reported 
to load significantly on any factor with a loading of .24 
on Factor 1 whereas Picture Arrangement was reported to 
load on Factor 2 with a loading of .28. It can be deduced 
that .25 might have been the cut-off level for acceptance
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of a loading. Picture Completion, Coding, and Arithmetic 
did not load significantly on either factor. The 2-factor 
solution for the accepted Whites was very similar to the 
Gutkin and Reynolds (1981) study with the standardization 
sample. Coding did not load on either factor. On the
3-factor solution for the accepted Whites, the factor 
solution for the first two factors was identical to the
2-factor solution, whereas only Coding loaded on the third 
factor. The first two factors for the 3-factor solution of 
the nonaccepted Whites was very similar for the 2-factor 
solution, with Picture Completion and Arithmetic loading on 
the third factor. Coding had a negative loading (-.27) on 
the first factor.
The 2-factor solution for nonaccepted Blacks showed a 
first factor with highest loadings by the Verbal Scale 
subtests of Information, Similarities, Vocabulary, and 
Comprehension, and by Picture Arrangement from the 
Performance Scale. The second factor showed highest 
loadings by Object Assembly, Block Design, and Picture 
Completion. The 3-factor solution for nonaccepted Blacks 
showed a first factor with highest loadings by the subtests 
of Comprehension, Vocabulary, and Picture Arrangement. The 
second factor showed highest loadings by the Verbal Scale 
subtests of Information, Similarities, and Arithmetic.
Block Design, Object Assembly, and Picture Completion
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loaded on the third factor. Coding did not load on either 
the 2- or 3-factor solutions.
The 2-factor solution for accepted Blacks showed a 
first factor with highest loadings on Information, 
Similarities, Vocabulary, and Comprehension. The 
second-factor showed highest loadings on the subtests of 
Picture Completion, Picture Arrangement, Block Design, and 
Object Assembly. Arithmetic and Coding did not load on 
either factor. The 3-factor solution for accepted Blacks 
showed a pattern of subtest loadings for the first factor 
that was identical to the first factor in the 2-factor 
solution. The second factor showed highest loadings by the 
subtests of Picture Completion, Picture Arrangement, and 
Object Assembly. The third factor showed highest loadings 
by Block Design, Object Assembly, and Arithmetic.
Greenberg et al. (1985) concluded by saying that the
2-factor solution showed factorial similarity to the 
Verbal-Performance dichotomy defined by Wechsler (1974).
The 3-factor solutions of the accepted Whites showed a 
factor solution similar to Kaufman (1975). It is difficult 
to see how these conclusions follow from the evidence 
provided. However, the trend in the literature is for some 
researchers to emphasize similarities whereas others 
emphasize differences.
Macmann, Plasket, Barnett, and Siler (1991) 
investigated the factor structure of the WISC-R for
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
5 2
children of superior intelligence and found that although 
there were no major factors, as many as three minor factors 
can be extracted. They found that the most parsimonious 
interpretation favored a 1-factor solution. However, they 
concluded that the 1-factor solution was relatively “weak" 
or "poorly defined" and was not directly comparable with a 
robust general factor in the WISC-R standardization sample. 
The factor was a verbal-ability factor rather than a 
"general"-ability factor. The subtests that constituted 
this factor were: Information, Similarities, Vocabulary, 
and Comprehension. When a 3-factor solution was obtained, 
the second factor was made up of Picture Completion, Block 
Design, and Object Assembly. The third factor was made up 
of Arithmetic. Digit Span was not included in the 
analysis, and Coding and Picture Arrangement did not factor 
with any of the derived factors.
The research with gifted students is equivocal. It 
is, therefore, difficult to reach any conclusion because of 
the numerous problems with the data. These problems could 
be summarized as follows:
1. Some samples are extremely small.
2. Different criteria were used for giftedness.
3. Different criteria were used for the acceptance 
of loading as being significant.
4. Inconsistencies were ignored in some reports but 
much was made of them in others.
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Factor Studies of the WISC-R 
With the Mentally Retarded
Van Hagen and Kaufman (1975) reported that the factor 
structure of the WISC-R was comparable to the Kaufman 
(1975) results for a group of 80 retarded youngsters and 
adolescents (ages 6 years, 3 months to 16 years, 9 months). 
It should be noted, however, that Picture Arrangement was 
split among the three factors (Factor 1 had a loading of 
.46; Factor 2, a loading of .41; and Factor 3, a loading of 
.45). Comprehension was split between Factors 1 and 2 (.53 
and .48). Arithmetic was split between Factors 1 and 3 
(.41 and .54) and Coding between Factors 2 and 3 (.45 and 
.43). Van Hagen and Kaufman pointed out that this 
splitting might be due to instability due to small sample 
size. It must, however, be noted that Van Hagen and 
Kaufman did not use any objective criteria for choosing a
3-factor solution. If they had used the root greater than 
1 or the Scree test they might have found that a 2-factor 
solution would have been more appropriate with less 
splitting.
Schooler et al. (1978) factor analyzed the 10 scales 
of the WISC-R for 127 Educable Mentally Impaired children. 
They obtained a 2-factor solution similar to the 
Verbal-Performance split of the WISC-R. However, as in Van 
Hagen and Kaufman's (1975) study, Arithmetic and Picture 
Arrangement were split on the 2-factor solution
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(Arithmetic, .57 and .43; Picture Arrangement, .39 and 
.47).
Groff and Hubble (19 82) divided their sample of 
Educable Mentally Retarded children into two age groups (9 
to 11 years, and 14 to 16 years). The groups consisted of 
107 and 7 8 subjects, respectively. The results of this 
study were very similar to Kaufman's 3-factor solution, 
except that Digit Span loaded on Factor 2, Perceptual 
Organization, for the older group. Groff and Hubble (1982) 
concluded that "the findings suggest that factors extracted 
from the WISC-R scores of low IQ represent dimensions not 
present at more narrow age ranges within these samples"
(p. 149). These researchers chose to emphasize the one 
discrepancy they found, even with their relatively small 
samples.
Cummins and Das (1980) studied a sample of 95 
children ranging in age from 12 years, 10 months to 15 
years, 2 months, and found three factors similar to 
Kaufman's (1975). It should be noted, however, that if 
loadings of above .30 were accepted as significant loadings 
on a factor, Information, Arithmetic, Comprehension,
Picture Arrangement, and Coding would be split between two 
factors.
The research on Mildly Mentally Retarded children, as 
was evident for the Gifted children, has the problem of how
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much attention one can give to discrepancies with such 
small samples and different age ranges involved.
Factor Analysis of the WISC-R 
With Learning Disabled 
Students
In a study of 140 White children spread evenly 
between 6 years, 2 months and 14 years, 8 months, Naglieri 
(1981) studied the factor structure of students identified 
as Learning Disabled. The mean Full Scale IQ for the group 
was 96. The results were very similar to Kaufman's (1975)
3-factor solution except that Arithmetic did not factor 
significantly on any of the three factors, and Digit Span 
was split almost equally (.36 and .39) between Factor 1, a 
Verbal factor, and Factor 2, a Freedom from Distractibility 
factor.
McMahon and Kunce (1981), with a sample of 67 
"neuropsychologically impaired" students, ages 6 years, 0 
months to 12 years, 9 months, with IQ greater than 84, 
found three factors "similar to Kaufman (1975)." Despite 
their conclusion, their table of factor loadings presented 
the following picture: Picture Arrangement factored on the
Freedom from Distractibility factor and was higher than 
Coding. Information was split between Factors 1 and 3. 
Picture Completion was split between Factors 1 and 2, and 
Coding was split between all three factors. Again, small 
sample size may be responsible for the discrepancy in these 
studies.
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Kaufman and McLean (1986) investigated a group of 198 
children (between ages 6 years, 4 months and 13 years, 2 
months) referred for learning disabilities. They found a
3-factor solution similar to Kaufman's (1975) except that 
Coding did not load on any of the three factors. (These 
researchers set the acceptance criteria for significant 
loadings at .40; Coding loaded .34 on the Perceptual Organ­
ization, 2-factor solution.) Information was again split 
on Factors 1 and 3.
Other Factor Studies 
With the WISC-R
Reynolds and Gutkin (1980) factor analyzed inter­
correlations of the 12 WISC-R subtests (standardization 
sample) separately for males and females at two age levels 
(females, 6-10 years, N = 500; males 6-10 years, N = 500; 
females 11-16 years, N = 600; and males 11-16 years,
N = 600). Their 3-factor results were very similar to 
Kaufman's (197 5) 3-factor solution. The same splitting of 
loadings between more than one factor was again evident.
Ahrens (1978) also investigated the factor structure 
of the WISC-R for sex differences at three different age 
levels. She found differences between the sexes, but her 
samples were extremely small (25 subjects in each group).
A number of studies have been done comparing the 
factor structure of various cultural groups on the WISC-R 
(Browne, 1984; Dean, 1980; Johnston & Bolen, 1984; Lawlis,
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Stedman, & Cortner, 1980; Reschly, 1978; Zarske, Moore, & 
Peterson, 1981). An analysis of the studies indicates that 
some report the same type of small discrepancies that have 
been reported in the Learning Disabled samples, whereas 
others report "larger" discrepancies. As with other 
reports, the significance placed on these discrepancies 
varies.
Hierarchical Factor Studies 
of the WISC-R
Historically, the choice of method of factor analysis 
for decomposing IQ scores has been strongly influenced by 
the investigator's view of the nature of intelligence. 
Traditionally, British investigators have felt that human 
abilities are arranged hierarchically, with broader 
abilities appearing at higher levels within the hierarchy, 
correlated group factors next, and specific factors at the 
bottom (Hill, Reddon, & Jackson, 1985). Spearman (1927) 
proposed a two-level hierarchy with general intelligence 
(g) at the apex of the hierarchy and more specific 
abilities at the second level. However, theorists such as 
Burt (1940, 1949), Thompson (1951), and Vernon (1950) have 
proposed more complex hierarchies that consist of three or 
more levels.
The hierarchical approach has been followed by some 
American authors as well (e.g., Blaha & Vance, 1979; Blaha 
& Wallbrown, 1982; Blaha, Wallbrown, & Wherry, 1974;
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Silverstein, 1982). These American authors have been 
highly influenced by Vernon (1950), who proposed a paradigm 
with general intelligence at the apex of the hierarchy 
(Blaha * Wallbrown, 1984). According to Vernon, 40% of the 
variables' variance in a heterogeneous sample ordinarily is 
accounted for by the general factor. At the next level 
down in the ability hierarchy are two major group factors 
(verbal-educational ability, [v:ed] and 
spatial-mechanical-practical ability, [k:m]), which 
together usually account for about 10% of the variables' 
variance. At the third level down in the ability 
hierarchy, are the minor group factors. These factors 
usually account for approximately 10% of the variables' 
variance.
Blaha and Wallbrown (1984) provide a comprehensive 
review of the WISC and WISC-R hierarchical analyses (13 
samples) to date. They report that a general intelligence 
(g) factor was obtained at the apex of the hierarchy for 
all samples except for children with a severe reading 
disability. The g factor typically accounted for the 
greatest proportion of subtests' variance. At the 
subgeneral level of the ability hierarchy, the Performance 
subtests defined the k:m group factor, and the Verbal 
subtests defined the v:ed group factor. The v:ed factor 
did not always remain intact. In learning disabled and 
retarded children the v:ed factor was replaced by Freedom
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from Distractibility and Verbal Comprehension primary 
factors. Coding showed only weak loadings on the k:m 
factor, and it loaded greater than .15 on the Freedom from 
Distractibility factor in only 3 of the 13 samples. All 3 
of these samples used subjective criteria and also applied 
hand rotations to the factor; the authors assumed that 
Coding was an important component of this hypothesized 
factor (Blaha & Wallbrown, 1982).
Blaha and Wallbrown also concluded that:
There is sufficient evidence from the hierarchical 
literature that the Verbal Comprehension factor may 
break down into even smaller ability components. This 
is illustrated best in the unselected black sample, 
where an intact Verbal Comprehension factor was not 
found; its components were split into a component 
composed of crystallized verbal ability, which was 
labelled Verbal Knowledge (VK) and represented 
knowledge of verbal facts impressed by previous 
learning and acculturation, and a component of verbal 
concept formation, which was labelled Verbal 
Abstraction (VA) and represented an important skill in 
conceptualizing and aiding new verbal learning. The 
Verbal Knowledge primary factor had its highest loading 
on the Vocabulary subtest, but the Information and 
Comprehension subtests had only slightly less 
substantial loadings. Thus these three subtests 
defined the Verbal Knowledge factor. An identical 
Verbal Knowledge factor occurred in the severely 
reading-disabled sample. The Verbal Abstraction 
primary factor was defined by a strong loading from the 
Similarities subtest, while all other loadings were 
inconsequential by comparison. A very similar Verbal 
Abstraction primary factor also occurred in the 
reading-disabled sample. . . .
The spatial-mechanical-practical k:m factor 
breaks down into Spatial (k) and Quasi-Specific (QS) at 
the primary level of the hierarchy. The spatial factor 
is the third most frequent p r i m a r y  factor and occurred 
in all three reading-disabled samples and the 
unrestricted black sample. The Spatial factor was 
defined clearly by the Picture Completion, Block 
Design, Object Assembly, and Mazes subtests in all 
samples where all four subtests were given. The
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Quasi-Specific primary factor appeared in all three 
reading-disabled samples. This factor was defined by 
loadings from Picture Arrangement and Coding, (p. 565)
Joint Factor Analytic Studies 
of the WISC-R and Other Tests
Woodcock (1990) feels that the WISC-R does not 
include enough markers for each embedded factor to allow an 
appropriate description of the factorial structure of that 
battery. He, therefore, advocates factor studies which 
include a number of other tests. The WISC-R has been 
factor analyzed with a number of different tests, including 
both achievement and cognitive batteries. These studies 
are relevant to the interpretation of any factor structure 
found when only the WISC-R is included in the analysis.
Woodcock (1990) factor analyzed together the Woodcock 
Johnson— Revised (WJ-R) , the WISC-R, the K-ABC, and the 
fourth edition of the Stanford-Binet (SB-IV). His analyses 
suggest that five factors (Short-Term Memory Gsm,
Processing Speed Gs, Visual Processing Gv, Comprehension- 
Rnowledge Gc, and Quantitative Ability Gq) are all measured 
by the WISC-R. Digit Span loads on Gsm; Coding loads on 
Gs; Block Design and Object Assembly had high loadings on 
Gv, whereas Picture Completion and Mazes had moderate 
loadings. Information, Similarities, Vocabulary, and 
Comprehension had high loadings on Gc, and Picture 
Arrangement had moderate loadings; Arithmetic had a high 
loading on Gq. The WISC-R had no subtest loading on Fluid
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Reasoning, Auditory Processing, or Long Term Retrieval— the 
other factors in the WJ-R. It is noteworthy that the three 
subtests (Arithmetic, Digit Span, and Coding) that make up 
the Freedom from Distractibility factor loaded on three 
different factors in this analysis. Woodcock's analysis 
suggests that these three subtests might be factoring 
together when only the WISC-R is factor analyzed because 
they have 'no where else to go'. Two points to note are 
(1) that Picture Arrangement did not factor with the 
Performance subtest, but factored moderately with the 
Verbal subtests, and (2) that Picture Completion and Mazes 
were only moderately related to the Visual Processing 
factor.
Joint factor analyses of the K-ABC and the WISC-R 
were carried out by Kaufman and McLean (1986, 1987) for two 
different samples.
In the 1986 article Kaufman and McLean reported on 
joint factor analysis for a sample of learning- disabled 
children. The authors were not able to decide whether they 
found a 3- or 4-factor solution. However, the two subtests 
(Information and Arithmetic) from the WISC-R that loaded on 
the fourth factor (Reading Ability) had split loadings. 
Information loaded .57 on the Achievement/Verbal factor and 
.47 on the Reading Ability factor. Arithmetic loaded .32 
on the Simultaneous/ Perceptual factor, .32 on the 
Sequential/Distractibility factor, and .38 on the Reading
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Ability factor. In the 3-factor solution, Factor 1 
included loadings of .59 to .75 by the five K-ABC 
Achievement subtests and of .42 to .76 by the regularly 
administered WISC-R Verbal subtests. Factor 2 was composed 
of all five K-ABC Simultaneous tasks (loadings of .52 to 
.61) and four of the WISC-R Performance subtests that 
typically form the Perceptual Organization factor (loadings 
of .53 to .78). Coding did not meet the criterion set by 
Kaufman and McLean, although it loaded .39 on the 
Simultaneous/Perceptual factor. Factor 3 was defined by 
loadings of .48 to .77 by the three K-ABC Sequential 
Processing subtests and a .68 loading by Digit Span.
The 1987 article reported the joint factor analysis 
results for '’normals., The results were essentially the 
same as the 3-factor solution for the learning-disabled 
group. Kaufman and McLean reported that subtests such as 
the WISC-R Block Design and Picture Arrangement and the 
K-ABC Triangles and Photo Series "have a good deal of 
uniqueness." Arithmetic split its loading on Factors 1 and 
3; Digit Span loaded only on Factor 3, and Coding split its 
loading between Factors 2 and 3.
Wikoff (1978) factor analyzed the WISC-R along with 
the Peabody Individual Achievement test for a referred 
population. Wikoff examined 3-, 4- and 5-factor solutions 
and chose the 4-factor solution. The first factor had high 
to very high loadings for Reading Recognition, Reading
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Comprehension, and Spelling (these loadings ranged from .75 
to .91). Information, Similarities, Arithmetic, 
Mathematics, and General Information loaded between .33 and 
.40. The second factor had high loadings for Information, 
Similarities, Vocabulary, Comprehension, and General 
Information from the PIAT. Arithmetic, Picture 
Arrangement, Picture Completion, Mathematics, and Reading 
Comprehension loaded between .33 and .42 on this factor. 
Picture Completion, Picture Arrangement, Block Design and 
Object Assembly had moderate to high loadings on the third 
faci.or. Similarities, Comprehension, and Coding had 
loadings between .32 and .36 on this factor. The fourth 
factor had loadings of .57 and .58 for Arithmetic and 
Mathematics. Digit Span was not included in this analysis.
Wright (1984) studied the factor structure of the 
WISC-R, the WRAT and the SRA Achievement Series in a joint 
analysis for a selected sample. Wright interpreted the 3- 
and 4-factor solutions. The first factor had loadings of 
.48 to .54 for the WISC-R subtests of Arithmetic, Digit 
Span, and Coding. Block Design also loaded .36. It also 
had loadings of .51 to .75 for all the WRAT and SRA 
achievement tests. The second factor had loadings of .49 
to .70 for the subtests of the WISC-R Verbal scale, except 
for Arithmetic, which was .34. This factor also had 
loadings above .30 for most of the achievement subtests, 
with the exception of those involving arithmetic skills.
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In the 4-factor solution the Verbal Comprehension and the 
Performance factors remained intact. The only departure 
was that the first factor split into two factors. The 
arithmetic subtests from all three batteries had loadings 
of .53 to .80 on one factor. There were loadings of 
between .34 and .48 for Digit Span, Coding, Reading 
Vocabulary, Reading Comprehension, Language Arts Usage, and 
Language Arts Spelling. The other factor had loadings of 
.58 to .85 for SRA spelling, WRAT spelling, and reading 
subtests, as well as loadings above .30 for several other 
achievement subtests. The 4-factor solution explained 
58.4% of the variance whereas the 3-factor solution 
explained 54.5%. Wright (1984) preferred the 4-factor 
solution because of this increase in explained variance.
Stone (1992) carried out a joint Confirmatory factor 
analysis of the DAS (Differential Abilities Scale) and the 
WISC-R. He chose the 5-factor solution as the best fit.
He named them: Verbal Ability, Nonverbal Reasoning, Spatial 
Ability, Numeric Ability, and Process Speed. The WISC-R 
subtests loaded on only four of the five factors. The 
WISC-R had no subtest loading on Nonverbal Reasoning.
Stone found that the fit was improved when Coding was 
allowed to break off from the traditional WISC-R third 
factor and form a separate Processing Speed factor with the 
DAS subtest Speed of Information Processing. Arithmetic
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and Digit Span formed a “Numeric Ability" factor with the 
DAS subtest Recall of Digits.
Information, Similarities, Vocabulary, and 
Comprehension from the WISC-R loaded with Word Definitions, 
Similarities, and Recall of Objects from the DAS to form a 
Verbal Ability factor. The WISC-R Perceptual Organization 
subtests loaded substantially on the Spatial factor for the 
most part, although Picture Arrangement and Mazes had 
consistently low loadings.
In summary, the following conclusions seem to follow 
from the joint factor analyses of the WISC-R and other 
tests:
1. The WISC-R has no subtests which primarily 
measure such constructs as fluid or nonverbal reasoning (as 
defined by authors such as Woodcock, 19 90, and Stone,
1992), auditory processing, and long-term retrieval.
2. Coding, Arithmetic, and Digit Span, although 
somewhat related, seem to be measuring different 
constructs. Coding is the least related to the other two 
subtests.
3. Picture Arrangement either does not load with the 
Performance subtests or at best has only a moderate 
relationship to them. Picture Completion, Mazes, and Block 
Design also showed some "uniqueness."
4. In joint factor analyses with achievement 
subtests, most of the WISC-R subtests had split loadings.
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A notable exception was Object Assembly, which loaded only 
on the Spatial factor.
Canadian Studies of the WISC-R 
The WISC-R is a test designed and normed on an Ameri­
can sample. Past studies (Dash, Dennis, Mueller, Mancini, 
Smart & Short, 1983; Peters, 1976; Wersh & Briere, 1981), 
have failed to clearly establish WISC-R performance 
differences attributable to cultural differences between 
Canadian normal and clinic-referred children, and the 
American standardization sample. In fact, Dash et al. 
(1983) concluded that "subtest variability comparisons 
between the present [clinical] sample, the American 
normative population, and samples of normal Canadian 
children revealed few distinctive differences in either 
degree or pattern of scatter" (p. 224).
Beal (1938) concluded that "existing studies show no 
evidence that Canadian children do worse than the 
standardization sample on the WISC-R" (p. 159).
The Information subtest is the only area in which 
there has been some discussion of cultural bias of the 
American normed WISC-R, for Canadian children. However, 
Peters (1976) concluded that "there appears to be little 
justification for standardizing a Canadian form of the 
Information subtest" (p. 416). Vernon (1976) reported that 
the pass-rates for unmodified Information items were 
"rather close to the American figures based on the original
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standardization sample" (p. 4). In other words, Canadian
children are not disadvantaged by the standard items of the
Information subtest. Mueller, Mulcahy, Wilgosh, Watters,
and Mancini (19 86) state that:
While Canadian majority children may demonstrate 
some increased difficulty with a few specific 
WISC-R items, their overall performance does not 
appear significantly affected, (p. 13)
On the other hand Mueller et al. (1986) found that 
fully one-third of the test items fell within the extreme 
decals of relative difficulty for Canadian Inuit children, 
and therefore, failed to add significantly to test 
variance.
It is, therefore, advisable for researchers to 
exclude Inuit, and possibly all Canadian Indian children, 
from their samples when comparing Canadian with American 
samples.
The accepted practice, in Canadian studies of factor 
and other profile analysis, is to treat the samples as 
though they are American samples, thus, there is generally 
no discussion of cultural bias (see Hill et al., 1985; 
Mueller, Dennis & Short 1986; and Walsh, Marx & Sudmant, 
1983) .
As a result of the studies cited in this section, 
concerning the small effect of cultural differences on the 
factor structure and the norms for Canadian clinically 
referred students, the limitation mentioned on page 28, is 
somewhat mollified.
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Naming of Factors 
Kaufman named his factors Verbal Comprehension, 
Perceptual Organization, and Freedom from Distractibility. 
The subtests that load on each factor are presented in 
Table 3.
TABLE 3
KAUFMAN'S 3-FACTOR WISC-R SUBTEST COMPOSITION
Freedom
Verbal Perceptual from
Comprehens ion Organization Distractibility
Information Pic. Completion Arithmetic
Similarities Pic. Arrangement Digit Span
Vocabulary Block Design Coding
Comprehens ion Object Assembly
Mazes
(Adapted from Kaufman, 1975)
A number of studies (Ownby & Matthews, 1985;
Stewart & Moely, 1983; Wikoff, 1978) have, however,
questioned the name Freedom from Distractibility as
representative of the third factor. In fact, Ownby and
Matthews say:
Distractibility is an insufficient if not 
misleading term to apply to the WISC-R third factor. 
Although our argument and data suggest that the term 
executive processes might reasonably be applied to this 
factor, an interim more modest proposal would be simply 
to refer to it as 'Factor 3', rather than the 
potentially misleading label Freedom from 
Distractibility. (p. 534)
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Most: studies followed Kaufman's lead. In studies 
with more than three factors, the factors were given names 
according to the constructs assumed to underlie the 
subtests making up the factor (e.g., Acquired Knowledge 
when Information, Arithmetic, and Vocabulary factored 
together).
Other Studies That Are Relevant to 
Factor Studies With the WISC-R
Kaufman (1979b) found that the Performance IQ takes 
on a different meaning across the age range because 
Performance subtests are primarily "power" tests at ages 6 
to 9, becoming "speed" tests to an increasing degree for 
preadolescents and adolescents. This is relevant when 
making a decision about age ranges of samples. This 
difference across the age range can account for the 
splitting of variable loadings across factors. Mueller et 
al. (1986), in a meta-exploration of the WISC-R factor 
score profile as a function of diagnosis and intellectual 
level, obtained some results that are relevant when 
dividing samples for factor analysis. Mueller et al. used 
cluster analysis to investigate their data and found that 
there does not appear to be distinctive recategorized 
WISC-R profiles for specific psychoeducational diagnostic 
groups which distinguish them from other such groups in the 
face of similar global intellect. Profile similarity 
appears to cluster as a function of Sample + mean Full
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Scale IQ. In terms of a 3-factor interpretation of the 
WISC-R, children with mild to moderate mental handicap show 
a distinctly different pattern of performance than do 
average-IQ children who, in turn, demonstrate a pattern 
that is different from the intellectually above average.
The Verbal Comprehension category tends to shift in rank 
from lowest, to highest with increasing overall Full Scale 
IQ, whereas the Perceptual Organization category tends to 
shift in rank to second lowest. Similarly, the Freedom 
from Distractibility category tends to shift downward from 
second highest to lowest with increasing Full Scale score.
These studies taken together with some of the factor- 
analytic studies seem to indicate that the most profitable 
line of study in investigating the WISC-R factor structure 
would be to divide groups by IQ level and age.
Factor Analytic Studies 
of the WISC-III
The WISC-III is the third edition of the Wechsler 
Intelligence Scale for Children. The basic structure and 
content of the WISC-R was retained in the WISC-III 
(Wechsler, 1991). More than 7 3% of the WISC-R items were 
retained either in original or slightly modified form. For 
subjects 8 to 12 years of age, the WISC-III is essentially 
the same test as the WISC-R. A number of new items were 
added at the bottom and top end of subtests such as 
Arithmetic and Similarities because of the concerns raised
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by reviewers of the WISC-R. Some items were "modernized" 
to make the test more contemporary. One subtest (Symbol 
Search) was added, but as a supplementary subtest. This 
subtest was added to enhance the factor structure of the 
WISC-III (i.e., to help clarify the Freedom from 
Distractibility factor and for diagnostic utility)
(Wechsler, 1991).
A number of factor studies of the WISC-III were 
carried out as part of the standardization process . 
Following the suggestion made by Gorsuch (1983) that factor 
solutions should be evaluated not only according to the 
empirical criteria, but also according to the criterion of 
"psychological meaningfulness," the authors of the WISC-III 
manual interpreted their factor findings in light of the 
WISC-R literature. They reported factor-analytic studies 
done with the large standardization samples and four 
subsamples: ages 6-7, ages 8-10, ages 11-13, and ages 
14-16. They did not provide correlation matrices for these 
age ranges. Correlation matrices were provided for each 
age group starting with age 6. However, factor studies 
were not reported for these groups.
Summarizing the results, they reported that "the 
results of these analyses converge to strongly suggest a 
four-factor solution for the WISC-III" (Wechsler, 1991, 
p. 187). The first two factors were the traditional Verbal 
Comprehension and Perceptual Organization. Factor 3
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consisted of Arithmetic and Digit Span subtests and Factor 
4 was formed by Coding and the new Symbol Search subtest.
Some inconsistencies were reported: For ages 6-7, 
Picture Arrangement, Mazes, and Symbol Search split into 
two or more factors, although they retained loadings of 
about .30 or more on targeted factors. For ages 8-10, 
Picture Arrangement also had split loadings on three 
factors. They went on to suggest that future research with 
normal and clinical samples is needed to clarify the 
stability of these findings.
Three factor studies with clinical groups were 
reported in the WISC-III manual. All studies reported a 4- 
factor solution. Although these studies were of groups 
with wide age ranges, they also found split loadings for 
Picture Arrangement; and when a fifth factor was examined, 
they found it to be principally composed of Picture 
Arrangement.
These results echo some of the less reported findings 
of the WISC-R with regard to Picture Arrangement and 
Coding.
Conclusions Drawn From the 
Literature Review
The following conclusions were reached by some of the 
authors of the studies reviewed in the literature:
1. There was a decided rejection of the orthogonal
2- and 3-factor models.
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2. The oblique models were a better fit.
3. Some model beyond a single-factor model would fit 
the data better than a single model. Yet the 2- or
3-factor model did not fit the data best.
4. The small size of the increments in the 
psychometric indices of fit associated with the inclusion 
of the third factor (in both the normative sample and the 
validation samples) suggests that Freedom from 
Distractibility may have emerged as a factor in many cases 
due to overfactoring.
5. The rejection of several models in the validation 
samples due to improper parameter estimates strongly 
suggests that some considerable portion of factor-analytic 
research with the WISC-R has drawn samples of such small 
size that extremely unstable factor solutions have 
resulted.
The following conclusions can be reached in 
summarizing the Review of the Literature related to the 
factor analysis of the WISC-R:
1. Different criteria were used for the acceptance 
of loadings as being significant.
2. Inconsistencies were ignored in some reports, but 
much was made of them in others.
3. Coding, Arithmetic, and Digit Span, although 
somewhat related, seem to be measuring different
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constructs. Coding is the least related to the other two 
Freedom from Distractibility subtests.
4. Picture Arrangement either does not load with the 
Performance subtests or at best has only a moderate 
relationship to them. Picture Arrangement also has split 
loadings in a number of investigations. Picture Completion 
and Block Design showed some "uniqueness" and some split 
loadings.
5. In joint factor analyses with achievement 
subtests, most of the WISC-R subtests had split loadings.
A notable exception was Object Assembly, which loaded only 
on the Spatial factor.
6. A number of inconsistent results were obtained 
when the subjects were from a diagnostic category (such as 
gifted or mentally retarded). For the most part, 
diagnostic categories indicate a narrow IQ range.
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METHODOLOGY
This study investigated, through the use of 
exploratory factor analysis, the differences between the 
factor structure of the WISC-R for groups of students 
referred for psychological testing, who scored at 
different IQ levels on the WISC-R.
Although numerous exploratory factor studies of the 
WISC-R have been done (see "Review of the Literature"), 
there are enough questions raised about a "large 
proportion" of these studies, when confirmatory factor 
analysis was done (see O'Grady, 1989), to warrant another 
exploratory study. A new study must, however, control more 
variables than before, look at the question from a new 
perspective, or use better techniques. This study narrowed 
the age range, had large samples (no sample was smaller 
than 200, and most were above 300), and systematically 
controlled IQ ranges. This systematic control has not been 
done in previous studies.
In factor analytic studies, scientists analyze the 
relationships among a set of variables where these 
relationships are evaluated across a set of individuals
75
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under specific conditions. The variables in this study are 
the WISC-R subtests scale scores. These are outlined under 
Instrumentation. The individuals are the cases, described 
under Subjects, and the conditions are the various IQ and 
age ranges outlined under Conditions.
In exploratory factor analysis, it is unusual to have 
hypotheses (exploration is what is important), but it is 
customary to raise questions that incorporate the 
variables, the individuals, and the conditions. These are 
included under Research Questions.
Due to the unfamiliarity of many practitioners with 
the methodology of factor analysis, the Data Analysis 
section also presents some of the basic concepts underlying 
factor analysis.
The final section (Research Design) briefly 
summarizes the design.
Instrumentation 
The WISC-R subtest scale scores were the variables 
used in this study. As discussed in chapter 2, the WISC-R 
assesses an individual's overall level of intellectual 
functioning. The subtests were also described in chapter
2. The ones used in this study were: Information (IN), 
Similarities (SI), Arithmetic (AR), Vocabulary (VO), 
Comprehension (CO), Digit Span (DS), Picture Completion 
(PC), Picture Arrangement (PA), Block Design (BD), Object 
Assembly (OA), and Coding (COD). Mazes was excluded
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because most practitioners do not administer it, and most 
factor studies did not include it.
The reliability and validity are considered 
sufficient for the requirements of this research. These 
were discussed in chapter 2.
Subjects
The subjects in this study consisted of 3,493 
elementary-aged (ages 6.0 to 12.11) students 
referred for psychological testing in 12 school districts. 
The school districts are scattered throughout Alberta and 
Saskatchewan, two Provinces in Canada.
Four of the school districts serve small urban areas 
(cities of less than 60,000 population), while eight serve 
rural areas. About two-thirds of the sample came from 
urban centers. The distinction between urban and rural 
centers on the Prairies (except for the large cities) is, 
however, not large. Many of the people in both the urban 
and rural areas are involved in farming and the petroleum 
industries.
The majority of students in these districts are 
Caucasians. Although census reports in Canada do not 
include population description by race, it is a historical 
fact that large populations of Blacks or Visible Minorities 
do not settle on the Prairies. Most Blacks outside of Nova 
Scotia came to Canada from the Caribbean. "Like Italians, 
Greeks, South Asians, and Chinese, most Caribbean
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immigrants live in the cities rather than rural areas. The 
majority live in or near Toronto" (Buchignani & Engel,
1983, p. 68).
In 1971 there were 1,7 60 Blacks (Negroes) in Alberta 
and Saskatchewan. Since 1971, Canada's immigration policy 
has been to accept white immigrants except for families of 
Canadians, refugees and skilled workers (Buchignani &
Engel, 1983). The trend has continued for non-white 
immigrants to settle in large cities and for the most part, 
to avoid small Prairie towns. Therefore, close to 100 
percent of the sample in this study was Caucasians.
All protocols identified as belonging to Canadian 
Indians were discarded. The various groups (as defined by 
Full Scale IQ and age) are outlined in the Conditions 
section.
Conditions
In addition to the entire sample, the subjects were 
divided into seven age groups (all levels from 6 to 12 
years); two Coding groups (6-0 to 7-11 years of age and 
between 7-11 and 12-11 years of age [Coding A and Coding 
B]); three groups according to Full Scale IQ cut-off scores 
(45-79, 80-119, and 120 and above ); and five groups with 
IQ ranges 70-84, 85-99, 100-114, 115-129, and 130-144.
In order to make comparisons with previous studies, a 
group with IQs above 114 was also created. Since many 
gifted programs use 130 as a cut-off score for
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identification of candidates, a group of students with IQs 
above 129 was selected.
To investigate the importance of having groups with 
normally distributed Full Scale IQs, specially selected 
groups were created at each age level with Full Scale IQ 
distribution not significantly different from that given in 
Table 4.
A factor analysis of the scale scores of 11 of the 
WISC-R subtests was carried out at each age level using 
this distribution. Analyses of the large group and several 
of the other groups were also done without Digit Span. The 















69 and below 2.2 2.2
(Adapted from Wechsler, 1974, p. 26.)
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Research Questions
The research questions investigated in this study
were:
Question 1: What is the factor structure of the
WISC-R subtest scores when a large sample (3,49 3 subjects) 
of referred students between ages 6-0 and 12-11 with IQs of 
40 to 155 is used?
Question 2: What is the factor structure of the
WISC-R subtest scores when the above sample is divided into
seven different age groups?
Question 3; What is the factor structure of the
WISC-R subtest scores when the age groups are selected so
that Full Scale IQ distributions are not significantly 
different from a normal distribution?
Question 4: What is the factor structure of the
WISC-R subtest scores when the large sample is divided into
two groups according to whether they receive Coding A or 
Coding B?
Question 5: What is the factor structure of the
WISC-R subtest scores when the sample between ages 8.00 and
12.11 is divided according to IQ ranges, such as below 80 
(below average), 80-119 (average) and above 119 (superior)?
Question 6; What is the factor structure of the
WISC-R subtest scores for referred students with Full Scale 
IQs above 115? A number of studies with "gifted" samples
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used a cut-off score of 115; thus, the answer to this 
question allows comparison with existing research.
Question 7: What is the factor structure of the
WISC-R when groups of students, who scored within one 
standard deviation of each other (70-84, 85-99, 100-114, 
115-129, 130-144), are selected so that the IQ range is 
equal for all groups?
Question 8; What is the factor structure of the 
WISC-R subtest scores for referred students with Full Scale 
IQs between 115 and 129? The answer to this question, 
taken together with the answer from Question 9, will allow 
comparison between the factor structure of "bright" and 
"gifted" students.
Question 9; What is the factor structure of the 
WISC-R subtest scores for referred students with Full Scale 
IQs above 129? Many school districts use 129 as a cut-off 
score for placement in gifted programs. Therefore, this 
question addresses the issue of the factor structure for 
gifted students.
Question 10; What is the factor structure of the 
WISC-R when the analysis is done without Digit Span for the 
groups in Questions 1, 5, and 8? Since a number of 
analyses in the literature were done without the variable 
Digit Span, the answer to this question will provide 
results that can be compared with earlier studies.
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Data Analysis 
Due to the unfamiliarity of many practitioners with 
the methodology of factor analysis, this section exposes 
the reader to the basic theoretical concepts underlying 
factor analysis. What follows the general introduction 
focuses the reader on the two methods of factor analysis 




Gorsuch (1983) stated that "the objective of 
scientific activities is to summarize, by theoretical 
formulations, the empirical relationships among a given set 
of . . . variables where these relationships are evaluated 
across a set of individuals under specified conditions"
(p. 1). He went on to say that the purpose in using factor 
analysis is scientific in that the aim is to summarize the 
interrelationships among the variables in a concise, but 
accurate manner, as an aid in conceptualization.
Factor analysis is a means of parsimony— the 
reduction of large fields of data to a small subset of 
constructs or factors. Each factor represents an area of 
generalization that is qualitatively distinct from that 
represented by any other factor (Gorsuch, 1983). The 
outcome of factor analysis is, therefore, an array of 
factors which theoretically provides clues to the
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
8 3
relationships existing among a number of variables 
(Cattell, 1952; Gorsuch, 1983; Harmon, 1967).
The three general uses of factor analysis, according 
to Kim (19 75), are (1) exploratory, (2) confirmatory, and 
(3) measuring. The first use is with the view towards 
discovering new concepts and discovering new ways to reduce 
the myriads of data. Confirmatory means the testing of 
hypotheses about the "structuring of variable in terms of 
the expected number of significant factors and factor 
loadings" (Kim, 1975, p. 469). Its use as a measuring 
device is designed to construct new indices to be used in 
later research as new variables. This study was an 
exploratory study because it sought to discover new ideas 
about the factor structure of the WISC-R.
Factor Analysis Procedures
There are three basic procedures in the application 
of factor analysis (Kim & Mueller, 1978). These are (1) 
preparing the relevant correlation matrix, (2) extracting 
initial factors, and (3) rotating to terminal solution.
Each of these steps is discussed under separate headings.
Preparation of the correlation 
matrix
According to Kim (1975), the initial correlation 
matrix is composed of variables identified by the 
researcher as integral to the study. These variables can 
be categorized as either Q-type or R-type variables.
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Q-type represents individuals or units such as objects or 
communities (Kerlinger, 1986). When factor analysis is 
applied to this Q-type correlation matrix, it is called 
Q-factor analysis. R-type, the more common of the two 
types, represents variables such as social characteristics, 
test items, and so on. R-factor analysis is the term used 
when R-type correlation matrix is factor analyzed. Since 
this study proposed to investigate the underlying 
relationships among tests scores (WISC-R subtests),
R-factor analysis was chosen. The correlation matrix, 
composed of Pearson- product-moment correlation 
coefficients, was subjected to factor analysis.
Extraction of initial factors
The second step in the factor analysis procedures 
involves the extraction of initial factors or decomposition 
of the correlation matrix to find factor matrices. The 
extraction of initial factors can be done by several 
different methods. These methods can be defined by two 
basic models. Gorsuch (1983) terms them the full-component 
model and the common-factor model. In the full-component 
model, one factors for all components. This method assumes 
the existence of a set of factor scores that reproduce the 
original variables exactly. In the common-factor model, 
the factors are divided into two groups. The first group, 
the common factors themselves, consists of those factors 
which contribute to two or more of the variables. The
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
8 5
second group, or unique factors, constitutes the non-common 
factor variance for each variable. Each unique factor 
contains the scores necessary to complete the prediction of 
that variable.
Component and common-factor models each have two 
forms. In the first, the common factors or components can 
be correlated with each other. In the second form, the 
factors are independent of each other.
A number of different methods can be used to decom­
pose the correlation matrix into factor matrices. The most 
widely used mathematical method for this decomposition is 
principal factor analysis.
Following Gorsuch's (1983) definitions, the principal 
factor method is a general one that can be used with either 
the component or common-factor model. The prime 
characteristic of the principal-factor extraction procedure 
is that each factor accounts for the maximum possible 
amount of the variance of the variables being factored. 
Principal component (component model) and principal axes 
(common-factor model) are two approaches used in research 
using factor analysis to investigate the WISC-R.
Therefore, the rest of this section discusses these 
approaches.
Principal components. This method of factor analysis 
transforms the correlation matrix into a new set of 
composite variables which are uncorrelated with (or
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orthogonal to) each other. The main question of this 
method is what linear combination of variables accounts for 
more of the original data's variance than any other 
variable combination. As such, the first factor or 
principal component becomes the one which accounts for the 
most variance, with the second becoming the second most 
important and so on. The latter factors account for 
residual variance since the majority of the variance is 
accounted for by the primary factor.
The practical value of this method resides in its 
exactness. First, mathematical transformation of the 
original variables defines the extracted principal 
components. The second characteristic of this approach 
concerns maintaining the diagonals in the correlation 
matrix as units or l's. Third, no assumptions are required 
about the general structure underlying the variables. It 
is therefore a good exploratory approach.
The significance of any given factor of the Principal 
Component method resides in its eigenvalues (Kim, 1975).
An eigenvalue. which is associated with each component, 
refers to that amount of the total variance which is 
accounted for by a given dimension (component) (Kim & 
Mueller, 1978) .
As such, the significance of a component is usually 
evaluated according to the proportion of the total variance 
for which it accounts. The number of factors usually
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retained for further analysis is ordinarily determined by 
the eigenvalue being equal to or greater than 1.0. Kim 
(1975) proposed that "this criterion ensures that only 
components accounting for at least the amount of total 
variance of a single variable was treated as significant"
(p. 479). As was seen in the section under Factor Analysis 
of the WISC-R, this criterion was often used to determine 
the number of factors to rotate in previous factor-analytic 
studies of the WISC-R.
Principal Axes. Principal Axes (sometimes referred 
to by the term Principal Factor Analysis) is a common 
factor approach where the principal factors are extracted 
from a matrix with communality estimates in the diagonal 
(Gorsuch, 1983). Once the diagonal elements are replaced 
with communality estimates, the extraction procedures are 
identical to that of principal components. The communality 
is the variance of an observed variable accounted for by 
the common factors (Kim & Mueller, 1978) . The reason for 
using a communality estimate lies in the fact that this 
method assumes a common and a unique aspect to the matrix 
variables. The replacing of the correlation matrix 
diagonal with communality estimates controls for the unique 
variance hypothetically extant in each variable. When this 
unique variance is removed, what becomes analyzed is the 
remainder of variance resident in each variable. The 
problem, of course, is to estimate the unknown
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communalities. Estimates are generally between 0 and 1. A 
process called iteration is employed theoretically to 
provide the researcher with the best estimate of 
communality. Essentially, the idea is that initial 
estimates of communality are generated from the unrotated 
factor matrix. These estimates are the R estimates. Next, 
from this reduced factor matrix, the same number of factors 
is extracted, but, instead, the variance accounted for by 
the factors becomes the new estimate of communality. This 
iteration process continues until the difference between 
the two sets of estimates virtually disappears. 
Theoretically, when this occurs, the best estimates of 
communality have been attained. The results are more 
stable factors with a more controlled accounting of the 
common and unique variance. The most commonly employed 
estimates of communality are the squared multiple 
correlations. This correlation is the correlation between 
a variable and the other variables in the matrix. Research 
studies in the literature, using Principal Axes factor 
analysis with the WISC-R, used squared multiple 
correlations determined through the iteration process.
Rotation of matrices into 
final solutions
In exploratory factor analysis (most factor-analytic 
research with the WISC-R is exploratory), the factor 
analyst seldom selects the variables so that the principal
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factors— or any other factors given by the initial 
solutions— are of theoretical interest. It is generally 
assumed that the initial factors were rotated so that the 
factors met criteria that make them more relevant to the 
purpose of the study (Gorsuch, 1983). Thurstone (1947) 
argued that rotation of the initial factor matrix was 
necessary if one desired to interpret the factors 
adequately. Rotation means that one assumes that there are 
unique and "best" positions for the axes, "best" ways to 
view the variables in n-dimensional space (Kerlinger,
1986) .
Kerlinger used "best," meaning that a factor 
structure so "clear and strong as almost to compel belief 
in its validity and 'reality'" (p. 671). Kim (1975) 
suggested that rotated factors are more stable than 
unrotated ones. Cattell (19 52) argued that the original 
factor matrices are arbitrary. His idea was that an 
infinite number of reference frames or axes could be formed 
to reproduce any given R matrix.
The two major options available to the researcher are 
the orthogonal and oblique methods of rotation.
Orthogonal factors are uncorrelated whereas some
correlation may exist for oblique factors. Kim (1975)
summarizes the advantage and impetus to rotational
techniques thus:
Orthogonal factors are mathematically simpler to 
handle, while oblique factors are empirically more
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realistic. There is no compelling reason to favour one 
method over another, and the choice should be made on 
the basis of the particular needs of a given research 
problem. (p. 472-473)
An orthogonal rotation means that all the factors are 
forced to be uncorrelated. Therefore, the correlation 
between any of the factors is determined arbitrarily to be 
zero. In oblique rotation the factors are rotated without 
imposing the orthogonality condition, and resulting 
terminal factors are in general correlated with each other 
(Kim & Mueller, 1978).
There are a number of orthogonal approaches (e.g., 
Varimax, Quartimax) and a number of oblique approaches 
(e.g., Oblimax, Oblimin, Quartimin). The Varimax approach 
is the most frequently used orthogonal approach, and is 
therefore defined in the next subsection. The oblique 
approaches are discussed as a general category.
Varimax. The Varimax (Kaiser, 1958) rotation is a 
method of orthogonal rotation which simplifies the factor 
structure by maximizing the variance of a column of the 
Pattern Matrix (Kim & Mueller, 1978). According to Gorsuch 
(1983), the problem in exploratory factor analysis is to 
simplify a factor rather than a particular variable, 
because the interest is in learning more about factors 
(relationships) that underlie the variables rather than the 
variables themselves. When Kaiser (1958) proposed the 
Varimax solution, he suggested that the variance of the
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squared loading across a factor be maximized rather than 
the variance of the squared loadings of the variables.
Maximizing the Varimax function means that any 
tendency toward a general factor in the solution is 
minimized. Therefore, when the variance of a factor is 
maximal, there are numerous high loadings and small 
loadings. If loadings are either 0 or 1, the factor would 
be most interpretable because the small loadings that cause 
difficulty in interpretation would be eliminated. Varimax 
is, therefore, inappropriate if the theoretical expectation 
suggests a general factor may occur. Data that may give a 
general factor should be explored by some other rotation 
procedure.
Oblique rotation. An oblique rotation is more 
general than an orthogonal rotation in that it does not 
arbitrarily impose the restriction that factors be 
uncorrelated. In general, the initial factor axes are 
permitted to continue rotating until a solution emerges 
which summarizes any "clustering" of variables.
Oblique rotation produces two matrices, the Pattern 
Matrix and the Structure Matrix. The Pattern Matrix 
defines the simple structure configuration and is basic for 
determining which factors represent which variables. It is 
the matrix that contains the factor loadings usually 
presented in research reports. "It . . . reflects the
distinctive relationship of the factor to the variable, a
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relationship that is statistically independent of any of 
the other factors in the analysis" (Gorsuch, 1983, p. 207). 
In other words, the loading represents the correlation 
between the factor and the variable when all the variance 
shared with other factors is removed.
The Structure Matrix is a matrix of correlations of 
the variables with the factors. Gorsuch believes that both 
matrices are necessary for the interpretation of the factor 
structure.
Although Kim (1975) argued that the method of 
rotation depends upon the "taste of the researcher," there 
are advantages and disadvantages to both methods. The 
advantage of an oblique rotation over orthogonal rotation 
is that after making oblique rotations, if the resulting 
factors are orthogonal, one can be sure that the 
orthogonality is not an artifact of the method of rotation. 
However, the potential for erroneous interpretations looms 
larger for the oblique rotations due to the correlation 
that exists between the factors. A "cleaner" result 
emerges from the Varimax criteria for factor rotation. 
Studies in the literature used either an oblique or Varimax 
rotation.
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Summary of and Justification for Methodology 
Examination of the Correlation Matrix 
Gorsuch suggested that when a small matrix is factor 
analyzed the correlation matrix should be tested for 
significance and presented in order not to interpret 
uncorrelated data (Gorsuch, 1983, p. 108). Since this 
study dealt with narrow ranges of talent (in terms of 
overall IQ scores) it was even more imperative that the 
correlation matrices be examined for their appropriateness 
for factor analyses. This test consisted of three 
considerations:
1. An examination of the correlation matrix for the 
size of the correlations (Small correlations between 
variables were taken as a sign that variables did not share 
common factors and factor analysis was considered as 
inappropriate. Correlations were regarded as "small" when 
they were not significantly different from zero. It 
should, however, be remembered that with very large 
samples, the correlation matrix can be significant even 
with trivial correlations. Since one of the goals of 
factor analysis is to obtain "factors" that help explain 
the correlations, the variables must be related to each 
other for the factor model to be appropriate. If the 
correlations between variables are small (below .3), it is 
unlikely that they share common factors. Another test of 
the correlations was therefore to treat the correlations
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between variables as "small" when they were considerably 
different from the "large" correlations in the matrix.)
2. Barlett's test of sphericity (This tests the 
hypothesis that the correlation matrix is an identity 
matrix; that is, all diagonal terms are 1 and all 
off-diagonal terms are 0. It should, however, be noted 
that with large samples Bartlett's test produces 
significance even with trivial correlations. If the 
hypothesis that the population correlation matrix is an 
identity cannot be rejected because the observed 
significance level is large (>.05), the correlation matrix 
was not factor analyzed. The SPSS/PC+ program provided 
significance level for Barlett's test of sphericity.)
3. Kaiser-Meyer-Olkin (KMO) measure of sampling 
adequacy. This is an index for comparing the magnitudes of 
the observed correlation coefficients to the magnitude of 
the partial correlation coefficients. The SPSS/PC+ program 
computes and prints the KMO fGr all variables taken 
together and also for each individual variable. Kaiser 
(1974) characterizes measures in the 0.90s as "marvellous," 
in the 0.80s as "meritorious," in the 0.70s as "middling," 
in the 0.60s as "mediocre," in the 0.50s as "miserable," 
and below 0.5 as "unacceptable." If the KMO for any 
variable was below 0.50, that variable was dropped from the 
analysis. If more than one variable had a KMO below 0.50, 
the one with the lowest KMO was dropped first.
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Method of Extraction 
Principal Axes Factors (squared multiple Rs in the 
diagonals followed by iterations) method of factor analysis 
was performed for all analyses. This method was chosen 
because it was the preferred method in the 1980s. Eighteen 
studies done in the 1980s were reviewed; 15 of them were 
done using Principal Axes extraction with Varimax rotation. 
This method also avoids the assumption that all variances 
are common variance (an assumption of the Principal 
Component model). It was reported earlier that Kaufman's 
results indicated that five of the subtests had more 
specific variance than common variance. Gorsuch (1983) 
favors squared multiple Rs in the diagonals when a small 
matrix (less than 20 variables) is analyzed. He suggested 
that if the communalities are low (e.g., .4), then the 
method of communality estimation makes a significant 
difference. Gorsuch has demonstrated by the use of an 
example that a principal component model can produce high 
loadings even if the correlations among the variables were 
not significant. Although Principal Components was not the 
method of choice in this research, it was run in order to 
provide added data in the Appendices for those researchers 
who feel more comfortable with this method. The results 
were, therefore, reported if they were substantially 
different from the Principal Axes results.
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Method of Rotation 
Both Varimax and Oblimin (an oblique rotation method) 
were performed. Varimax was used because most of the 
studies with the WISC-R were done using that rotation, and 
Oblimin because theoretically it makes sense. Gorsuch 
(1983) suggests that Varimax is inappropriate if the 
theoretical expectation suggests a general factor. The use 
of a Full Scale IQ score for the WISC-R suggests a general 
factor. To rotate orthogonally it must be assumed that the 
factors are uncorrelated. It is difficult to propose that 
mental measurements are uncorrelated. Therefore, the 
Oblimin results are the ones reported. Also, 0'Grady in 
his reexamination of the standardization data and data from 
nine other studies, found that the orthogonal 2- and 
3-factor models were totally rejected when confirmatory 
factor analysis was carried out. The oblique models were a 
better fit. In fact, 0'Grady suggested that we have enough 
information about the factor structure of the WISC-R to 
indicate that any future research could be potentially more 
profitably undertaken if correlated factor solutions were 
evaluated. However, because most of the research was done 
using a Varimax rotation, when the Varimax results are 
different, both are reported.
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Number of Factors to Be Reported
One, two, and three factors and number of factors 
with eigenvalues greater than 1 were generated and then 
rotated according to the Varimax and Oblique criteria for 
each of the methods of factor analysis.
Only those variables which exhibited factor loadings 
of .30 or above were considered as instrumental in 
composing any of the emerging factors (.30 is a common 
criterion used in determining whether a variable loads on a 
factor [Gorsuch, 19 83]).
The following information was also considered in 
choosing the number of factors to report:
1. The Scree Test (The eigenvalues associated with 
each factor can be plotted against the factor numbers. 
Typically, the plot shows a distinct break between the 
steep slope of the large factors and the gradual trailing 
off of the rest of the factors. This gradual trailing off 
is called the scree [Cattell, 1966] because it resembles 
the rubble that forms at the foot of the mountain.)
2. Examination of the Reproduced Correlation Matrix 
(One of the basic assumptions of factor analysis is that 
the observed correlation between variables is due to the 
sharing of common factors. It, therefore, follows that the 
estimated correlations between the factors and the 
variables can be used to estimate the correlation between 
the variables. When a factor model explains well the
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correlations between the variables, the correlation matrix 
reproduced from the correlations between the factors and 
the variables should be close to the original correlation 
matrix. Thus the residuals, when the reproduced matrix is 
subtracted from the original matrix, should be small. The 
SPSS/PC+ computer program prints these residuals and also 
indicates the number that are greater than .05 in absolute 
value. The point at which factor analysis was reported, 
when residuals were considered, was a subjective one, and 
the decisions were made by comparing the gain in the 
improvement of the reproduced correlation matrix, when the 
solution was increased by one factor. The residuals were 
also regarded as small if almost all were below .10.
3. Examination of the Improvement in the Communality 
when different number of factors were extracted. When 
there was uncertainty as to the number of factors to 
report, the improvement in the communality of each variable 
(after different number of factors were extracted) was 
considered.
Research Design 
The following data were recorded from the WISC-R 
protocols by the investigator: sex, age, the 11 subtest 
scores, and WISC-R Full Scale IQ score.
The variable sex was used for sample description 
only. Age and Full Scale IQ scores were used to divide the
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sample into a number of groups. The factor analyses were 
of the subtest scaled scores.
Means and standard deviations were computed for each 
variable in each group. Tables showing age and IQ 
distributions were also prepared for groups where necessary 
to describe the data. Chi-square analyses were carried out 
on the groups divided by age to check for similarity to the 
distribution in Table 2. Correlations were computed and 
included for reference in each Appendix. All data analyses 
were done using the SPSS/PC+ (SPSS Inc., 1988) 
micro-computer programs.
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PRESENTATION AND ANALYSIS OF DATA 
Introduction
Chapter 4 presents the results of the study with 
reference to the questions raised in chapter 3.
The chapter is divided into 12 sections, a section 
for the description of the sample, a section for each of 
the research questions, and a summary section.
The sections for each question are presented in a 
standard way so that sections can be later compared with 
each other. Each section includes a definition of the 
sample, the examination of the correlation matrix, and the 
results of the factor analysis. One table presents a list 
of the initial communalities of the variables and a list of 
the eigenvalues and the percentage and cumulative 
percentage of variance explained by each factor. Each 
scree plot is shown. Another table summarizes the 
communalities (the proportion of variance accounted for by 
all the common factors) of each variable from the computer 
printout, so that the reader can see the change in the 
final communalities after a specified number of factors 
were extracted. This is shown as supportive evidence for
100
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deciding on the best solution. A third table presents the 
change in the factor loadings after different numbers of 
factors were extracted. The final standard tables present 
the rotated factor matrices (pattern and structure) after 
one, two, and three factors were extracted. Even when only- 
one factor was required, these two tables contain the 
results for at least three factors since most researchers 
believe that three factors are necessary to explain the 
WISC-R correlation matrix. The most detailed explanations 
of the tables appears under Question 1. After the first 
section, the explanations are reduced to a minimum since 
the tables are presented in a standard way. The IQ 
frequency distribution for each sample is found in the 
appropriate appendix for each question. Also, in each 
appendix are the correlation matrix, the number of 
significant correlations, Bartlett's test, the KMOs, the 
residual matrices, and all factor solutions that were 
deemed appropriate.
All factor-analysis results reported are those 
obtained with Principal Factor Analysis with squared 
multiple correlations in the diagonal.
The results from both Varimax and Oblique rotations 
were compared. The correlations between the factors were 
substantive in most of the oblique rotations. Following 
Rummel (1970), who advised the reporting of oblique 
rotation when the factors are substantially correlated,
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results reported are those obtained with oblique rotation, 
except where otherwise indicated. The correlations between 
factors are reported where noteworthy. This evidence is 
used as part of the decision determining whether the matrix 
is overfactored.
Interpretation of the Scree Plot 
The scree is a visual aid to the number of factors to 
be interpreted. In interpreting the scree, a line was 
visualized starting at the tail of the scree; when there 
was a break in the line, those factors whose eigenvalues 
fell above the line were retained. A number of 
complications occurred: (1) sometimes there was close to a
gradual slope from lower to higher eigenvalues, with a very 
slight break in the line, or (2) there was more than one 
break in the line, or (3) more than one apparently suitable 
line could be drawn through the low values. When these 
situations occurred, other criteria (eigenvalues greater 
than 1, and size of the residuals) were used to help 
interpret the scree.
Interpretation of the Communality and Highest 
Factor Loadings Tables
The communality table was interpreted in the
following manner: If there was no improvement in
communalities or loadings after a certain solution, then
further factorization of the matrix was not warranted.
When there was no increase in communality, but there were
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high loadings for variables on more than one factor, high 
correlations of all variables with all factors, and high 
correlations between factors, the factor matrix was 
interpreted in terms of factor splitting and 
overfactorization. When there was an increase in 
communality, but there were high correlations between 
variables and factors, the matrix was interpreted in terms 
of the need for more factors and a high presence of "g." 
When communalities improved for specific variables, 
especially if these variables had low communalities with 
the first factor, this was taken as an indication of the 
variable having low "g” or whatever the first factor 
measured, but high relationship with the new factor.
These two tables can also be examined to see the 
contribution of one factor (loading) compared to the 
contribution of all the factors (final communality) to the 
explanation of a variable's variance. To do this, the 
loading of the variable on the factor must be squared 
before it is compared with the communality (the final 
communality is the sum of the squared loadings). This 
procedure was carried out when it enhanced the 
understanding of a factor's contribution to a variable.
Following Child (1970), if the communality for a 
variable was too low, in the region of .3 or less giving a 
unique variance of .7 or more, this was taken as a sign 
that the variable could be eliminated.
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Interpretation of the Pattern 
and Structure Matrices
The Pattern Matrix (the matrix of factor loadings) is 
reported in each case since it "defines the simple 
structure configuration and is basic for substantively 
interpreting the oblique factor" (Rummel, 1970, p. 401). 
Loadings of .3 and above were regarded as acceptable. If 
all criteria indicated less than three factors, three 
factors were still presented.
An understanding of the difference between the 
Pattern Matrix and the Structure Matrix is crucial to 
comprehending how these two matrices were used in 
interpreting the results. AJLthough these matrices were 
discussed elsewhere, a summary of that discussion is 
repeated here. The Pattern Matrix explains the factor's 
relationship to the variable and not the variable's 
relationship to the other factors. For example, a small 
amount (9%) of a variable's variance can give an acceptable 
loading on a factor if the factor is not highly related to 
other variables. The variable may also be related to other 
factors; but, if it is low in terms of shared variance, 
compared to other variables it will have a low loading with 
those other factors. Thus, if a variable is highly 
correlated with two factors, but has a high loading only on 
one, this means that the other variables forming the 
factor, on which the variable has low loading, are better 
defined by the factor. It is therefore erroneous to say
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that a variable defines a factor well, based on an 
acceptable loading. Loadings can, therefore, not be 
discussed outside of the context of the Structure Matrix, 
which gives the variable's correlation with each factor.
In the Structure Matrix, the correlation coefficients 
represent not only the shared variance between a variable 
and a factor but also all the variance of the factor that 
overlaps with the other factors. Thus, although the 
Pattern Matrix looked clean (no apparent splitting of 
loadings), in some 3-factor solutions when a 1-factor 
solution was called for, the loadings were interpreted in 
conjunction with the communality table and the Structure 
Matrix as outlined under Interpretation of the Communality 
Table.
Following Zwick and Velicer (1986), if there were 
three or more substantial loadings and an eigenvalue 
greater than 1, the factor(s) was regarded as "major." 
Factors that had either (1) less than three substantial 
loadings but an eigenvalue of 1 or greater or (2) more than 
three substantial loadings but an eigenvalue of less than 
1, were considered to be "minor" factors. Factors with 
both eigenvalues less than 1 and less than three 
substantial loadings were regarded as "trivial."
Sometimes there are negative values in the tables.
If all the high values are negative, all the signs of the 
values in that specific factor can be reversed without any
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change in meaning. Negative values mean the computer has 
"read the angles" between the test vectors and the factor 
vector with the latter at 180 degrees to the usual position 
(Child, 1970).
The Structure Matrix was reported since it must be 
used in naming the factors. Gorsuch (1983) states that the 
basic matrix for interpreting (deciding what they 
represent) the factors is the Structure Matrix. By 
examining which variables correlate high with the factor 
and which correlate low, it was possible to draw some 
conclusions as to the nature of the factor. The Structure 
Matrix was also used in conjunction with other criteria to 
decide on overfactorization. These criteria are laid out 
under Interpretation of the Communality Table.
Demographic Data of Sample
The total sample consisted of 3,49 3 elementary-aged 
(ages 6-0 to 12-11) students referred for psychological 
testing in 12 school districts in the Canadian provinces of 
Alberta and Saskatchewan. The reasons for referral ranged 
from the student who was having problems coping with the 
academic requirements of the classroom to the student who 
was so bright, the teacher was not able to provide the 
appropriate challenge. The full-scale IQs ranged from 40 
to 155 (see Appendix A, p. 290 for distribution by IQ 
score).
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Table 5 presents the distribution of sex by age. As 
can be seen from the table, there were significantly more 
males than females. This is not uncommon for referred 
samples, and according to previous research (Kaufman,
197 9a), the factor structure for males is similar to that 
for females. It was, therefore, not necessary to have an 
equal number of males and females in each sample or to 
factor analyze male and female samples separately.
Table 6 presents the distribution of IQ by age. As 
can be seen from the table, there are more bright students 
who were 8 and 9 years old. These distributions, 
therefore, depart farthest from a normal IQ distribution. 
This is worthy of note for the results with the 8- and 9- 
year-old students.
The IQ group 90 to 109 was the largest, however, the 
total sample was skewed toward the higher IQ ranges.
TABLE 5
DISTRIBUTION OF SAMPLE SEX BY AGE
6 YES 7 YES a YES 9 YES 10 YES 11 YES 12 YES TOTAL
SEX
1 (Halm*) 139 411 515 376 276 207 163 2090
S. 7% 19.7% 24.7% 18.0% 13.3% 9.9% 7.9% 100.0%
2 (Faaalsa) 86 239 370 277 202 130 99 1403
6.1% 17.0% 26.4% 19.7% 14.4% 9.3% 7.1% 100.0%
TOTAL 225 650 886 553 480 337 262 3493
6.4% 18.6% 25.4% 18.7% 13.7% 9.6% 7.5% 100.0%
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TABLE 6
DISTRIBUTION OF SAMPLE IQ BY AGE
6 m s 7 m s s m s 9 m s io  m s i i  m s 12 m s total
IQ group 
<70 5 12 20 21 20 15 13 106
4.7% 11.3% 18.9% 19.8% 18.9% 14.2% 12.3% 100 .0%
7 0 - 7 9 15 29 39 51 43 25 29 231
6.5% 12.6% 16.9% 22.1% 18.6% io .a % 12.6% 100 .0%
8 0 - 8 9 30 80 99 89 80 67 59 504
6.0% 15.9% 19.6% 17.7% 15.5% 13.3% 11 .7% 100 .0%
9 0 - 1 0 9 106 333 300 217 178 139 H I 1384
7.7% 24 .1% 21 .7% 15.7% 12.9% 10.0% 8.0% 100 .0%
1 1 0 -1 1 9 37 115 111 68 61 41 32 465
8.0% 24 .7% 23 .9% 14.6% 13.1% 8.8% 6.9% 100 .0%
1 2 0 - 1 2 9 20 54 168 118 62 36 13 471
4.2% 11.5% 35.7% 25.1% 13.2% 7.6% 2.8% 100 .0%
> 129 12 27 149 89 36 14 5 332
3.6% 8.1% 44 .9% 26.8% 10.8% 4.2% 1.5% 100 .0%
TOTAL 225 6 5 0 886 653 480 337 262 3493





asked: What is the
factor structure of the WISC-R subtest scores when a large
sample of referred s tudents between age s 6-0 and 1 2 - 11,
with IQs of 40 to 155, is factor analyzed 0
The Sample
The subjects for this analysis consisted of 3,493 
students. There were 2,090 males and 1,403 females (see 
Table 5 for age distribution). The full-scale IQs ranged
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
1 0 9
from 40 to 155 (see Appendix A, p. 290 for distribution by 
IQ score) .
Examination of the Correlation Matrix 
All correlation coefficients were greater than .30 
(see Appendix A, p. 291 for the correlation matrix). The 
critical value for a one-tailed test at .01 significance 
level is .23. The correlation coefficients were, 
therefore, all significantly different from 0. The overall 
KMO and the KMO for each variable were all over .90 and 
therefore regarded as "marvellous'' following Kaiser's 
(1974) characterization (see Appendix A, p. 291).
Bartlett's test of sphericity indicated a 
significance level less than .01, thus rejecting the 
hypothesis that the correlation matrix is an identity 
matrix (see Appendix A, p. 291).
The examination of the correlation matrix, therefore, 
indicated that it was appropriate to proceed with factor 
analysis.
Results of the Factor Analysis 
Number of Factors
Table 7 presents the initial statistics for the 
analysis. It is two tables in one. One side of the 
vertical line shows the initial communalities of the 
variables, while the other shows a list of the eigenvalues, 
the percentage and the cumulative percentage of variance
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TABLE 7
INITIAL STATISTICS TOTAL GROUP






IN .68261 1 6.31218 57.4 57.4
SI .66308 2 .92723 8.4 65. 8
AR .61312 3 .72951 6.6 72.4
VO .74477 4 .61475 5.6 78.0
CO .66377 5 .52508 4.8 82.8
DS .44333 6 .46364 4.2 87.0
PC .44872 7 .36818 3.3 90.4
PA .35461 8 .30895 2.8 93.2
BD .59453 9 .29074 2.6 95.8
OA .47628 10 .26599 2.4 98.2
COD .32333 11 .19374 1.8 100. 0
IN (Information), SI (Similarities), AR (Arithmetic), 
VO (Vocabulary), CO (Coding), DS (Digit Span),
PC (Picture Completion), PA (Picture Arrangement)
BD (Block Design), OA (Object Assembly), COD (Coding)
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associated with each factor. The eigenvalues-greater-than 
1 rule suggested a 1-factor solution. There were three 
breaks when the scree plot was considered, thus suggesting 
a 1- or 2- or 4-factor solution (see Figure 1). When the 
percentage of variance explained by each factor was 
examined, the 1-factor solution explained 57% of the 
variance (see Table 7), which is as much as Kaufman's 
2-factor solutions.
Two factors explained 66% of the variance which is as 
much as Kaufman's 3-factor solution. Thus, the second 
factor explains only 8% of the variance compared to the 58% 
explained by the first. The general criterion for 
unidimensionality is when the first principal component 
accounts for more than six times the second (Bynner & 
Romney, 1986). A 1-factor solution is, therefore, 
indicated.
An examination of the Reproduced Correlation Matrix 
when one factor was extracted, using squared multiple 
correlations in the diagonal, indicated that 34% (19) of 
the residuals were greater than .05. However, only two 
were above .10 (OA with BD, .19 and OA with PC, .13). A 
2-factor solution resulted in only 5% (3) of the residuals 
above .05 (two were .06 and one was .08) (see Appendix A, 
pp. 292, 293). The above evidence seemed to indicate that 
a 1-factor solution was adequate to explain the factor
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Figure 1. Scree plot, large group.
structure, but the 2-factor solution showed some 
improvement.
The communalities are presented in Table 8. The 
label "Init" is used to denote initial communalities. The 
rows labelled 1, 2, and 3 are the final communalities after 
one, two, and three factors were extracted. The other 
labels are FAC (Factor), IN (Information), SI 
(Similarities), AR (Arithmetic), VO (Vocabulary), CO 
(Comprehension), DS (Digit Span), PC (Picture Completion), 
PA (Picture Arrangement), BD (Block Design), OA (Object 
Assembly), and COD (Coding).
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The highest loading for each variable, after 
different number of factors were extracted, are presented 
in Table 9. Any improvement in either communalities (Table 
8) or loadings (Table 9) for a specific variable can be 
viewed by looking down the column of the appropriate table.
As is noted from Table 8, the communalities (except 
for PA, OA, and COD) were high after a 1-factor solution. 
The factor loadings and communalities did not improve 
substantially after one factor had been extracted, except 
for OA and some improvement in communality, but not loading 
for BD (see Tables 8 and 9) . This, together with the high 
correlations between factors when two and three factors 
were extracted (the correlation between 1 and 2 was .63, 
between 1 and 3, .82, and between 2 and 3, .65.), indicates 
that a 1-factor solution was adequate to explain the data.
Factor Solutions
Table 10 shows the loadings of the variables on each 
factor (the Pattern Matrix). Table 11 shows the
correlations of the variables with the factors (the
Structure Matrix) . Split loadings are visually illustrated
in Table 10, where italics are used to show splitting. The
highest acceptable (the criterion is 0.3) loading of a 
variable on a factor is indicated by bold print.
The high correlations between each variable and each 
factor suggest that any interpretation of loadings beyond
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TABLE 8
COMMUNALITIES FOR VARIABLES, TOTAL GROUP
FAC IN SI AR VO CO DS PC PA BD OA COD
Init .68 .66 .61 .74 .66 .44 .45 .35 .59 .48 .32
1 .69 .67 .63 .73 .65 .44 .44 .37 .56 .38 .32
2 .73 .69 .63 .80 .69 .45 .49 .37 .70 .62 .32
3 .72 .71 .73 .83 .71 .51 .51 .38 .70 .64 . 37
TABLE 9
HIGHEST LOADINGS OF EACH 





# IN SI AR VO CO DS PC PA BD OA COD
1 .83 00 K) .79 .85 .81 .67 .66 .61 .75 .62 .57
2 .87 .82 .72 .97 .84 .60 .52 .33 .71 .85 .39
3 .65 . 77 .77 .91 .81 .65 .51 .31 .59 .79 .56
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TABLE 10
MEANS AND STANDARD DEVIATIONS OP SCALE SCORES, 
THREE ROTATED SOLUTIONS AND COMMUNALITIES, 









h« 2 h* 1 2 3 h«
IH 9.5 11.6 • S3 .69 .88 -.03 .73 .65 .00 .23 .72
SI ;i.o 15.2 .82 .67 .82 .01 .69 .77 .07 .03 .71
AR 9.7 11.6 .79 .63 .73 .09 .63 .13 -.03 .76 .73
70 10.6 13.7 .85 .73 .97 -.11 .80 .91 -.04 .04 .83
CO :o. a 10.9 .81 .65 .84 -.01 .69 .81 .04 .01 .71
DS 3.5 10.2 .67 .44 .62 .06 .45 .10 -.04 .66 .51
PC 11.1 9.0 .66 .44 .22 .53 .49 .29 .51 -.02 .51
PA 11.1 11.6 .61 .37 ■21 ■21 .37 ■11 ■11 .06 u* 00
30 10.7 13.0 .75 .56 .16 .71 .70 -.03 .59 ■11 .70
OA 10.8 10.2 .62 .38 -.09 .86 .62 .00 .79 .02 .64
COD 10.0 11.6 .57 .32 .39 .21 .32 -.04 .11 .56 .37
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TABLE 1 1






Variable 1 2 1 2 3
Information .85 .61 . 84 .55 .77
Similarities .83 .62 .84 .57 .72
Arithmetic .79 .62 .74 .54 .85
Vocabulary .89 .60 .91 .54 .76
Comprehens ion .83 .60 .84 .55 .70
Digit Span .67 .52 .62 .45 .71
Picture Completion .61 .68 .59 .68 .55
Picture Arrangement .57 .57 .56 .55 .52
Block Design .68 .83 .62 .80 .71
Object Assembly .53 .78 .50 .80 .52
Coding .55 .50 .49 .45 .60
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one factor will result in a distorted picture. A 1-factor 
solution produced loadings above .5 and acceptable 
communalities for all variables. The 2-factor solution 
resulted in all Verbal subtests plus Coding (COD) forming 
Factor 1. PA had split loadings on Factors 1 and 2.
Object Assembly (OA), Block Design (BD), and Picture 
Completion (PC) loaded on Factor 2.
In the 3-factor solution the Verbal factor split into 
two factors. This is evidenced by the high factor 
correlations. The correlation between 1 and 2 was .63, 
between 1 and 3, .82, and between 2 and 3, .65.
The factor structure, when only the Pattern Matrix is 
interpreted, of the 3-factor solution is the same as has 
been obtained in numerous studies, Factor 1 being the 
Verbal Comprehension factor; Factor 2, the Perceptual 
Organization; and Factor 3, the Freedom from 
Distractibility factor. It should, however, be noted that 
in the 3-factor solution Picture Arrangement was still 
equally split between Factors 1 and 2.
The stability of the final communality of all 
variables except OA and BD over three different 
number-of-factors solutions indicates that most of the 
subtests were not related to factors extracted after the 
first general factor. The improvement in the communality 
of OA and BD suggests the presence of a minor factor. The 
comparatively low communalities of PA and COD suggest that
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they might have more specific variance than common 
variance. This is clearly seen in the 4-factor PCA 
solution where PA and COD formed unique factors with 
loadings of .82 and .90 and communalities of .91 and .89 
respectively (see Appendix A, p. 294). Taking the case of 
PA, if .822 (the communality, of the variable with the 
factor, is the loading squared) is subtracted from the 
communality with all factors, .91 (the result is .24), it 
becomes clear that the other factors are explaining only 
24% of the variance. The unique variance is 67%. The fact 
that the loadings of PA split for the 2- and 3-factor 
solutions, yet, the communalities did not improve (the new 
factors did not add to the explanation of PA), plus the 
unique factor in the 4-factor solution might suggest that 
PA does not share enough variance with the new Factor 1 to 
remain tied to it. This argument is further advanced by 
the fact that PA correlated second lowest with Factor 1 and 
the communality was second lowest. All the evidence point 
to splitting of variance due to minimal connection with all 
factors. Coding also shows the same split, especially in 
the 2-factor solution (see Table 11). The communality 
evidence, also, indicates lack of connection with the 
factors although there is some evidence of relationship 
with Factor 3, if three factors were necessary to explain 
the data. In summary, then, Picture Arrangement and Coding 
are probably unique factors in this data set.
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Table 11 shows that the variables are highly 
correlated with all the factors. This is further evidence 
of either factor splitting or all the variables are 
measuring some aspect of each factor (the presence of "g"). 
Using the criteria for major and minor factors, there is 
definitely only one major factor, but probably one or two 
minor factors in this data set. The major factor is a 
general factor and the minor factors are the Perceptual 
Organization and Freedom from Distractibility factors. 
Picture Arrangement and Coding are not explained well by 
the minor factors (no increase in communality) and have a 
smaller relationship with the major factor than the other 
variables. Ail the evidence points to only one 
interpretable factor, a general factor.
Question 2
What is the factor structure of the WISC-R subtest 
when the total sample is divided into seven different age 
groups?
To answer this question, the results are presented 
for one age group at a time. The relevant outputs to 
support, the following results are found in Appendix B.




There were 225 cases in this subsample, 139 males and 
86 females. The full-scale IQs ranged from 60 to 145 (see 
Table 6, p . 108).
Examination of the Correlation 
Matrix
All correlations between subtests were above .35 
except for those between Coding and the other subtests.
For Coding, the highest correlations were with Information 
(.26), Arithmetic (.25), and Comprehension (.25). The 
correlation one-tailed significance matrix as printed out 
by SPSS/PC+ indicated that all correlations were 
significant with p < .05 (see Appendix B, p. 297).
The overall KMO and the KMO for all subtests except 
Coding and Block Design were above .90 ("marvellous"). The 
KMO for Coding was .87; for Block Design it was .88 
("Meritorious"). Thus, all KMO's were regarded as very 
good for factor analysis (see Appendix B, p. 296).
Bartlett's test of Sphericity indicated a 
significance level less than .01; thus, the hypothesis that 
the correlation matrix was an identity matrix was rejected.
All evidence, therefore, seemed to indicate that it 
was appropriate to proceed with factor analysis.
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Results of the Factor Analysis 
Number of factors
The initial statistics and scree plot are found in 
Appendix B (pp. 297, 298). The eigenvalue-greater-than-1 
criterion indicated that a 1-factor solution was 
appropriate. The scree plot indicated a 3-factor 
solution.
When the percentage of variance explained by each 
factor were examined, the 1-factor solution explained 52% 
of the variance; the 2-factor, 61%; and the 3-factor, 69%.
An examination of the Reproduced Correlation Matrix 
indicated that 23% (13) of the residuals were greater than 
.05 when one factor was extracted. A 2-factor solution 
resulted in 9% (5) of the residuals above .05. Only one 
(AR with DS [.12]) was above .10. A 3-factor solution 
resulted in 1% (1 residual) being above .05 (see Appendix 
B, pp. 298, 299).
The above evidence seemed to indicate that a 3-factor 
solution was the upper limit to which this data sample 
should be factor analyzed. A 1- to 3-factor solution was 
therefore examined. The communalities and highest loadings 
for each variable, after different number of factors were 
extracted, are found in Tables 12 and 13.
A 1-factor solution produced loadings above .60 for 
all variables except Coding, which loaded .28. The 
communalities reflected the same exception for Coding.
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T A B LE 12
COMMUNALITIES OF VARIABLE AFTER EXTRACTION 
OF DIFFERENT NUMBER OF FACTORS, AGE 6
FAC IN SI AR VO CO DS PC PA BD OA COD
INIT .65 .51 .54 .64 .62 .47 .45 .50 .44 .45 . 11
1 .64 .53 .54 .65 .60 .43 .43 .52 .35 .43 . 08
2 .77 .53 .56 .67 .61 .43 .51 .52 .62 .50 . 08
3 .75 .55 .61 .70 .67 .65 .52 .53 .62 .51 .09
TABLE 13
HIGHEST LOADINGS OF EACH 





# IN SI AR VO CO DS PC PA BD OA COD
1 .80 .73 . 74 .81 .77 .66 .65 .72 .60 .66 .28
2 1.00 .66 .72 .78 .76 .54 •55 .49 .83 .53 .28
3 .72 .65 .52 .77 00 to 00 o •56 .42 .80 .52 .22
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The 2-factor solution for Principal Factor Analysis 
(PFA) was different from the 2-factor solution for 
Principal Components (PCA). The communality for Coding in 
the PFA solution was only .08 compared with above .50 for 
all other subtests. In the PCA solution the loading was 
.77, and the communality for Coding was .64 when Coding 
appeared as a Specific Factor (see Appendix B, p. 301).
In the 3-factor solution, only COD loaded on the 
second factor in the PCA solution. In the PFA solution, 
COD did not load significantly on any of the three factors. 
AR and DS formed the third factor. Coding loaded only .22 
on the third factor with a communality of only .09 (see 
Tables 12 and 13).
The fact that COD did not change either loading or 
communality in the 1-, 2-, or 3-factor solutions indicated 
that Coding did not have enough common variance to be 
included in the factor analysis. Following Norusis' (1986) 
suggestion, Coding was eliminated from the final factor 
analysis.
Factor solution without COD
The analysis done without COD resulted in one factor 
explaining 56% of the variance. The eigenvalue criterion 
indicated a 1-factor solution (see Table 14). The scree 
plot was more difficult to interpret. It can be either a
1- or 3-factor solution (see Figure 2). The loadings and
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TABLE 14
INITIAL STATISTICS FOR ANALYSIS WITHOUT COD, AGE 6






IN .65107 1 5 .60483 56.0 56.0
SI .50838 2 .93110 9.3 65.4
AR .53652 3 .70351 7.0 72.4
VO .63243 4 .55339 5.5 77.9
CO .61814 5 .49617 5.0 82.9
DS .46968 6 .41761 4.2 87. 1
PC .45120 7 .39683 4.0 91.0
PA .49391 8 .35110 3.5 94.5
BD .43940 9 .30089 3.0 97.6
OA .44656 10 .24457 2.4 100. 0
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Figure 2. Scree plot, age 6 without COD.
coimnunalities were as follows, when one factor was 
extracted: IN .80, .63; SI .73, .53; AR .73, .54; VO .81, 
.66; CO .77, .59; DS .66, .43; PC .66, .43; PA .72, .52; BD 
.60, .36; and OA .66, .43. These communalities and loading 
are all acceptable.
Table 15 and 16 present the rotated-factor matrix 
results for the age 6 group when COD was removed. The 
results of the 1-factor solution showed that one common 
factor was adequate to describe the data when COD was 
eliminated. The eigenvalue for the first component was 
above six times the eigenvalue for the second component
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TABLE 1 5
MEANS AND STANDARD DEVIATIONS OF SCALE SCORES, 
THREE ROTATED SOLUTIONS AND COMMUNALITIES 










h*1 1 2 1 2 3
IN 9.9 10.9 .80 .63 .99 ■ 19 .76 .83 -.15 .19 .74
SI 10.3 13.7 .73 .53 .67 .09 .54 .67 .11 .00 .55
AR 9.7 7.8 .73 .54 .70 05 .55 .44 .04 .37 .58
VO 10.9 10.9 .81 .66 .80 .03 .68 .79 .05 .01 .70
CO 10. 6 9.0 . 77 .59 .75 .04 .61 .83 .06 -.09 .67
DS 8.2 10.9 .66 .43 .53 .16 .43 .01 .11 .81 .76
PC 10.7 7.3 .66 .43 .21 .55 .51 .21 .56 .00 .52
PA 10.6 13.0 .72 .52 .48 ,J0 .52 .46 ■11 .03 .52
BD 10.1 9 .0 .60 .36 -.07 .84 .62 1 O .82 .03 .62
10.1 O i cc 4 1 .22 . 54 . 50 .12 .53 .16 .50
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TABLE 1 6
THE 2- AND 3-FACTOR STRUCTURE SOLUTIONS, 






1 2 1 2 3
Information .86 .49 .84 .48 .63
Similarities .73 .55 .74 .55 .46
Arithmetic .74 .54 .70 .51 .67
Vocabulary .82 .59 .83 .58 .53
Comprehens ion .78 .56 .81 .56 .45
Digit Span .64 .53 .58 .50 .86
Picture Completion .59 .70 .58 .70 .40
Picture Arrangement .69 .63 .68 .63 .46
Block Design .51 .79 .49 .78 CD
Object Assembly .59 .69 .56 .68 ** CD
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(see Table 14). There was, therefore, only one major 
factor.
There was also some evidence that a 2-factor solution 
was appropriate to explain the data. The communality for 
BD improved from .36 to .62, and IN improved from .63 to 
.76. However, as can be seen in Table 16, the correlations 
between the variables and all factors were quite high.
Yet, the variables that correlated higher with the factors 
were as predicted by the Pattern Matrix.
In the 2-factor solution, BD, PC, and OA formed the 
second factor. PA was split between Factors 1 and 2 
(loadings of .48 and .30). The 2-factor solution explained 
65% of the variance and in the Reproduced Correlation 
Matrix 8% (4) of the residuals were above .05 (none were 
above .10; see Appendix B, p. 306). There were, therefore, 
one major and one minor common factor, with COD being a 
unique factor. However, the best solution for this 
correlation matrix is one common factor.
Age 7
Sample
There were 650 cases in this sub-sample, 411 males 
and 239 females. The full-scale IQs ranged from 47 to 150.
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Examination of the Correlation 
Matrix
All correlations between subtests were larger than 
.20, thus, significantly greater than 0 on a one-tail test 
of significance at .02 level (see Appendix B, 
pp. 306, 307). KMOs were greater than .90 except for BD 
(.89) and OA ( .87) .
Bartlett's test of Sphericity indicated rejection of 
the hypothesis that the correlation matrix was an identity 
matrix. The correlation matrix was, therefore, appropriate 
for factor analysis.
Results of the Factor Analysis 
Number of factors
The eigenvalue-greater-than-1 criterion indicated 
that a 2-factor solution was appropriate (see Appendix B, 
p. 308). The scree plot indicated a 2- or 3-factor 
solution (see Appendix B, p. 308).
A 1-factor solution explained 47% of the variance; a 
2-factor solution, 58%; and a 3-factor solution, 65%.
Examination of the reproduced correlation matrix 
indicated that 41% (23) of the residuals were greater than 
.05 when a 1-factor solution was obtained. A 2-factor 
solution resulted in 14% (8) above .05. The residual for 
AR with DS was above .10. The 3-factor solution resulted 
in only 1% above .05 (see Appendix B, p. 310).
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A 1- to 3-factor solution was examined. The 
resulting communalities and factor loadings are presented 
in Tables 17 and 18.
The 1-factor solution produced loadings above .40 for 
all subtests. However, the communality for COD was .17; 
for PC, .29; and OA, .30.
The 2-factor solution produced results where the 
communality for Coding only improved to .21 and some 
loadings fell nearly as much as the improvements in others.
Tables 17 and 18 taken together indicate that a 
2-factor solution was probably the most appropriate. 
However, COD might be regarded as a unique factor because 
of its low communality in all solutions. In the final 
analysis, COD was dropped.
Factor solution without COD
When COD was dropped from the analysis, the scree 
plot (Figure 3) and the eigenvalue-greater-than-1 criterion 
(Table 19) clearly indicated a 2-factor solution. The 
Reproduced Correlation Matrix resulted in 40% (18) of the 
residuals above .05 in the 1-factor solution and 8% (4) in 
the 2-factor solution (see Appendix B, p. 312)
Table 20 and 21 present the 1- to 3-factor rotated 
matrices. As can be seen in Table 20, in the 1-factor 
solution, all loadings were above .50. The communalities 
were above .35, except for PC (.29) and OA (.29). The
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TABLE 1 7
COMMUNALITIES OF VARIABLES AFTER EXTRACTION 
OF DIFFERENT NUMBER OF FACTORS, AGE 7
# IN SI AR VO CO DS PC PA BD OA COD
INIT .54 .56 .50 .59 .54 .39 .29 .36 .45 .39 .21
1 .57 .57 .50 .57 .51 .40 .29 .38 .39 .30 . 17
2 .60 .62 .50 .68 .57 .40 .33 .40 .57 .50 .21
3 .59 .62 .65 .69 .66 .46 .33 .40 .54 .61 .24
TABLE 18
HIGHEST LOADINGS OF EACH VARIABLE 
WHEN DIFFERENT NUMBER OF FACTORS 
WERE EXTRACTED, AGE 7
# IN SI AR VO CO DS PC PA BD OA COD
1 .75 .75 .71 .75 .71 .64 .54 .61 .63 .54 .41
2 .73 .78 .59 .89 .78 .49 .46 .44 .75 .78 .42
3 .52 .69 .63 .81 .83 .46 .43 .36 .64 .84 .32



















Figure 3. Scree plot, age 7 without COD.
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TABLE 19
INITIAL STATISTICS, AGE 7, WITHOUT COD






IN .53474 1 5.01493 50.1 50.1
SI .55476 2 1.09204 10.9 61.1
AR .48800 3 .72832 7.3 68.4
VO .59078 4 .62753 6.3 74.6
CO .53681 5 .60564 6.1 80.7
DS .39521 6 .46609 4.7 35.3
PC .28905 7 .42762 4.3 89.6
PA .33519 8 .37709 3.8 93.4
BD .44535 9 .35343 3.5 96.9
OA .38797 10 .30732 3.1 100.0
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TABLE 20
MEANS AND STANDARD DEVIATIONS OP SCALE SCORES, 
THREE ROTATED SOLUTIONS AND COMMUNALITIES, 









h*1 h* 1 2 1 2 3
IN 9.4 9.0 .75 .57 .76 .01 .60 .45 .04 .35 .59
SI 10.4 13.0 .77 .59 .78 .01 .62 .62 .06 .16 .62
AR 9.4 9.6 .70 .50 .64 .09 .50 .05 .00 .77 .66
vo '.0.5 10.9 .76 .58 .89 -.11 .67 .83 -.04 .04 .71
CO 10.2 3.4 .72 .52 .77 -.02 .56 .83 .05 -.08 .64
DS 3.5 9.0 .63 .40 .53 .14 .40 .06 .08 .59 .48
PC 11.0 7.3 .53 .29 .19 .44 .33 .16 .43 .05 .33
PA 10.7 13.7 .60 .36 .31 .36 .38 .18 .35 .18 .37
BD 10.6 9.6 .62 .38 .05 .72 .58 -.08 .66 .22 .56
OA 10.6 7.8 .54 .29 -.09 .80 .55 .00 .85 -.12 .62
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TABLE 2 1
THE 2- AND 3-FACTOR STRUCTURE, 






1 2 1 2 3
Information .77 .52 .73 .50 .70
Similarities .79 .53 .77 .51 .65
Arithmetic .70 .52 .61 .47 .81
Vocabulary .81 .47 .84 .47 .63
Comprehens ion .75 .48 .80 .48 .55
Digit Span .62 .49 .53 .45 .69
Picture Completion .47 .56 .45 .55 .41
Picture Arrangement .55 .57 .51 .55 .51
Block Design .53 .76 .46 .73 .53
Object Assembly .44 .74 .40 .78 .36
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communality of BD improved from .38 to .58 and OA improved 
from .29 to .55 in the 2-factor solution. The Verbal 
subtests made up Factor 1. OA, BD, and PC formed the 
second factor. PA was about equally split between Factors 
1 and 2 (.32 and .36). This splitting is represented well 
in the Structure Matrix (Table 21).
Both the 1- and 2-factor solutions represented the 
data well except for PA which seemed to be more related to 
a general factor than to the Verbal or Performance scales. 
It is, however, important to note the moderate to high 
correlations between the variables and all the factors 
(Table 21) . The 2-factor solution seemed to be most 
appropriate for this data set.
Age 8
Sample
There were 851 cases in this subsample, 500 males and 
351 females. The full-scale IQs ranged from 47 to 150.
Examination of the Correlation 
Matrix
All correlations between subtests were larger than 
.35. All KMOs were greater than .90 (see Appendix B, p. 
314). The identity matrix hypothesis was rejected. The 
correlation matrix was, therefore, appropriate for factor 
analysis.
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Results of the Factor Analysis 
Number of factors
The eigenvalue-greater-than-1 criterion indicated 
that a 1-factor solution was appropriate (see Table 22).
The scree plot also indicated a 1-factor solution (see 
Figure 4).
The Reproduced Correlation matrix resulted in 29%
(16) of the residuals above .05 when one factor was 
extracted. five percent (3) of the residuals were above 
.05 when two factors were extracted, and none of the 
residuals were above .05 when three factors were extracted 
(see Appendix B, pp. 315, 316).
The percentage of variance explained by one factor 
was 59%. Two factors explained 67% of the variance; and 
three factors, 74% (see Table 22). The first eigenvalue 
for the first factor was more than six times the second 
factor, suggesting unidimensionality.
Considering the above evidence, a 1-factor solution 
is all that was necessary to explain the correlation 
matrix. However, because of previous research and the fact 
that the communality improved for OA in the 2-factor 
solution, the 1-, 2-, and 3-factor solutions were 
investigated.
Tables 23 and 24 present the communalities and 
loadings when different number of factors were extracted.
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TABLE 22 
INITIAL STATISTICS, AGE 8







IN .73010 1 6.54919 59.5 59 .5
SI . 65077 2 .87485 8.0 67 .5
AR .65393 3 .69111 6.3 73.8
VO .76376 4 .59022 5.4 79 .1
CO . 64570 5 .47526 4.3 83.5
DS .49288 6 .44937 4.1 87 .5
PC .46296 7 .35884 3.3 90.8
PA . 34481 8 .30870 2.8 93.6
BD . 61618 9 .28613 2.6 96.2
OA .46944 10 .24205 2.2 98.4
COD .44218 11 .17428 1.6 100 .0
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Figure 4. Scree plot, age 8.
As can be seen from Tables 23 and 24, the 1-factor solution 
resulted in all loadings being .59 or above, and all 
communalities . 35 or above with Picture Arrangement having 
the lowest communality (.35).
Although the communalities did not improve 
substantially overall in the 2-factor solution, it should 
be noted that both the communalities and loadings for OA 
improved. Therefore, a 2-factor solution was also a good 
solution. The correlation coefficient between Factors 1 
and 2 was .74.
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TABLE 2 3
COMMUNALITIES OF VARIABLES AFTER EXTRACTION 
OF DIFFERENT NUMBER OF FACTORS, AGE 8
# IN SI AR VO CO DS PC PA BD OA COD
IN .73 . 65 .66 . 77 .65 .50 .47 .34 .62 .48 .45
1 .74 . 64 .68 . 75 .64 .48 .46 .35 .61 .39 .45
2 . 77 . 66 .69 .83 .66 .49 .52 .36 .70 .64 .44
3 . 77 . 70 .73 .85 .67 .59 .53 .37 .70 .64 .50
TABLE 24
HIGHEST LOADINGS OF EACH VARIABLE 
WHEN DIFFERENT NUMBER OF FACTORS 
WERE EXTRACTED, AGE 8
# IN SI AR VO CO DS PC PA BD OA COD
1 .86 .80 .82 .87 .80 .69 .68 .59 .78 .63 .67
2 .89 .81 .76 1.00 .79 .67 .51 .34 .61 .86 .47
3 .72 .84 .64 .91 .74 .78 .49 .38 .53 .77 .61
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Factor solution
As was noted before, the 1-factor solution produced 
acceptable communality. Table 25 (the Pattern Matrix for 
the 1- to 3-factor solution) shows that the 1-factor 
loadings are also acceptable. 'n the 2-factor solution 
OA, BD, and PC made up the second factor with PA being 
split between Verbal and Performance. The 3-factor 
solution resulted in the splitting of Factor 1 (in the
2-factor solution) into two factors, with DS, AR, and COD 
forming the third factor. PA and PC were split between 
Factors 1 and 2, and BD was split between Factors 2 and 3. 
This was especially evident in the Structure Matrix, Table 
26 .
This matrix shows the correlation between the 
variables and the factors. A number of variables were 
highly correlated with all three factors. Although this 
splitting is not as clearly evident in the Pattern Matrix 
(Table 25) as it is in the Structure Matrix (Table 26), it 
can still be seen in the case of PA, PC, and BD. The 
correlation coefficient between Factors 1 and 3 was .83, 
whereas the correlations between Factors 1 and 2 and 
between 2 and 3 were .64 and .62 respectively.
In summary, the best solution, considering 
communality improvement, the criteria for number of 
factors, and the Structure Matrix, was a 1-factor solution. 
An acceptable solution, because of the improvement in the
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TABLE 25
KEANS AND STANDARD DEVIATIONS OF SCALE SCORES, 
THREE ROTATED SOLUTIONS AND COMMUNALITIES, 










h*1 2 2 3
IN 10.3 13.0 .86 .74 .89 -.01 .77 .72 .00 .18 .76
SI 12.1 16.0 .80 .64 .81 .00 .67 .84 .04 -.03 .69
AR 10.6 12.3 .82 .68 .76 .09 .67 .23 .02 .64 .73
VO 11.8 15.2 .87 .75 1.00 -.13 .83 .91 -.09 .07 .as
CO 11.3 12.3 .80 .64 .79 .03 .65 .74 .06 .05 .67
DS 9.4 11.6 .69 .48 .67 .04 .48 .03 -.06 .78 .58
PC 11.9 9.0 .68 .46 .25 .51 .51 .30 .49 .01 .52
PA 11.8 12.3 .59 .35 ■21 .30 .36 .38 .JO .00 .37
BD 11.6 13.7 .78 .61 .27 .61 .70 .06 .53 ■21 .70
OA 11.2 9.6 .63 .39 -.08 .86 .62 -.01 .77 .06 .63
COD 10.1 11.6 .66 .45 .47 .23 .44 -.02 .16 .61 .49
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TABLE 2 6







1 2 1 2 3
Information .88 .63 .87 .56 .79
Similarities .82 .59 .83 .54 .70
Arithmetic .82 .64 .77 .55 .85
Vocabulary .90 .59 .92 .52 .78
Comprehens ion .81 .59 oo« U4. . 54 .70
Digit Span .69 .54 .64 .45 .76
Picture Completion .63 .69 .62 .68 .57
Picture Arrangement .57 .54 .57 .53 .51
Block Design .72 .82 .68 .77 .73
Object Assembly .54 .79 .51 .79 .53
Coding .64 .58 .59 .51 .69
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communality of OA, is the 2-factor solution without PA, 
which is a unique factor. This second factor must be 
regarded as a minor factor
Age 9
Sample
There were 655 cases in this subsample, 383 males and 
272 females. The full-scale IQs ranged from 44 to 146.
Examination of the Correlation 
Matrix
All correlations between subtests were larger than 
.33 (see Appendix B, p. 317). All KMO's were greater than 
.90. The identity matrix hypothesis was rejected. The 
correlations matrix was, therefore, appropriate for factor 
analysis.
Results of the Factor Analysis 
Number of factors
The eigenvalue-greater-than-1 criterion and the scree 
plot both indicated that a 1-factor solution was 
appropriate (Table 27 and Figure 5).
The Reproduced Correlation Matrix resulted in 27%
(15) of the residuals above .05 when one factor was 
extracted. Two residuals were above .10 (OA with PC [.11] 
and OA with BD [.19]). Seven percent (4) were above .05 
when two factors were extracted and none were above .10 
(see Appendix B, pp. 318, 319).
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TABLE 27 
INITIAL STATISTICS, AGE 9






IN .70810 1 6.68321 60.8 60.8
SI .73342 2 .85113 7.7 68.5
AR .65643 3 .71394 6.5 75.0
VO .79685 4 .60823 5.5 80.5
CO .73252 5 .52968 4.8 85.3
DS .43126 6 .42557 3.9 89 .2
PC .51083 7 .31873 2.9 92.1
PA .33800 8 .25895 2.4 94.4
BD .66746 9 .23711 2.2 96.6
OA .55026 10 .22132 2.0 98.6
COD .38372 11 .15213 1.4 100.0
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Figure 5. Scree plot, age 9.
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One factor explained 61% of the variance; two, 68%; 
and three, 75% (see Table 27). It is quite clear that any 
extraction beyond two factors is an overfactorization. As 
can be seen from Tables 28 and 29, one factor was adequate 
to explain the data. The difference between the first two 
eigenvalues indicated unidimensionality.
Factor solution
Due to the improvement in the communality for OA 
(suggesting a minor factor) and to facilitate comparison 
with other research, the results from the 1- to 3-factor 
solutions are presented in Table 30 and 31. A 1-factor 
solution produced loadings greater than .50 and 
communalities greater than .30.
In the 2-factor solution, OA and BD formed the second 
factor. PC was split between the two factors. Table 31 
shows that all variables had high correlations with each of 
the factors, but PC, PA, COD and BD correlated almost 
equally high with both factors. The Principal Components 
extraction produced similar results except PA loaded higher 
on factor 2 (see Appendix B, p. 320 ).
The 3-factor solution was different for each 
extraction and each rotation (see Appendix B, 
pp. 322, 323). In the 3-factor PFA solution, OA formed the 
second factor (see Table 30). BD had split loadings on 
factors two and three, but loaded highest on factor three.
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TABLE 2 8
COMMUNALITIES OF VARIABLES AFTER EXTRACTION 
OF DIFFERENT NUMBER OF FACTORS, AGE 9
# IN SI AR VO CO DS PC PA BD OA COD
IN .71 . 74 .66 .80 .74 .44 .52 .35 .67 .55 .38
1 .72 . 77 .66 .78 .71 .43 .51 . 35 .63 .43 .37
2 .74 . 77 .67 .85 .75 .43 .54 .35 .74 .72 .37
3 .73 .78 .76 .86 .79 .50 .58 .37 .79 .69 .41
TABLE 29
HIGHEST LOADINGS OF EACH VARIABLE WHEN 
DIFFERENT NUMBER OF FACTORS 
WERE EXTRACTED, AGE 9
# IN SI AR VO CO DS PC PA BD OA COD
1 . 85 .87 .81 .88 .84 .65 .71 .59 .79 .66 .61
2 00 00 .82 .79 1.00 .91 .63 .42 .39 .64 0000 .52
3 . 70 .79 .80 .87 .94 .70 .63 .54 .60 .60 .60
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TABLE 3 0
HZAHS AND STANDARD DEVIATIONS OF SCALE SCORES, 
THREE ROTATED SOLUTIONS AND COMMONALITIES, 










il*1 1 2 1 2 3
IN 9.7 12 .3 .85 .71 .88 -.03 . 74 .70 -.07 .20 .74
SI 11.5 18.5 .87 .75 .82 .08 .76 .79 .01 . 10 .77
AR 9.9 13.0 .81 .66 .79 .04 .67 .10 -.05 .80 .76
v o 11.1 15.2 .88 .78 1.00 -.12 .84 .87 -.14 . 12 .85
CO 10.8 12 .3 .84 .71 .91 -.06 .75 .94 -.10 .01 .78
□S 3.5 9.0 .65 .42 .63 .03 .42 .02 -.04 . 70 .49
PC 11.3 9 .6 .71 .50 .37 ■il .53 .63 .30 .05 .57
PA 11.4 10.9 .59 .34 .39 .24 .34 . 5 4 .15 .02 .36
8D 10.9 15.2 .79 .62 .27 .64 .74 .02 .46 .60 .78
OA 11.0 11.6 .66 .43 -.05 .88 .71 .20 . 6 0 .20 .69
COD 9.9 10.9 .61 .37 .52 .11 .37 .04 .04 .60 .42
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TABLE 3 1







1 2 1 2 3
Information .86 .61 .85 .29 .77
Similarities .87 .66 .88 .37 .77
Arithmetic .82 .62 .77 .27 .87
Vocabulary .92 .61 .91 .26 .81
Comprehens ion .86 .59 .88 .28 .75
Digit Span .65 .49 .60 .22 .70
Picture Completion .67 .68 .70 .54 .59
Picture Arrangement .56 .52 .58 .37 .49
Block Design .73 .84 .71 .67 .78
Object Assembly .59 .84 .61 .76 .58
Coding .60 .50 .56 .26 .64
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There were 480 cases in this subsample, 278 males and 
202 females. The full-scale IQs ranged from 42 to 155.
Examination of the Correlation 
Matrix
All indicators of sampling adequacy for factor 
analysis were similar to other age levels (see Appendix B 
for evidence, pp. 324, 325).
Results of the Factor Analysis 
Number of factors
The eigenvalue-greater-than-1 criterion indicated a
1-factor solution (see Table 32). The scree plot indicated 
a 2-factor solution (see Figure 6).
The Reproduced Correlation Matrix resulted in 30%
(17) of the residuals above .05 when one factor was 
extracted. However, there were only three residuals that 
were above .10, PA with PC (.13), OA with PC (.12), and OA 
with BD (.19). Three percent of the residuals (2) were 
above .05 when two factors were extracted, but none were 
above .10 (see Appendix B, pp. 326, 327).
One factor explained 59% of the variance; two, 68%; 
and three, 73% (see Table 32).
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TABLE 32 
INITIAL STATISTICS, AGE 10






IN .71621 1 6.49499 59 .0 59 . 0
SI .71033 2 .95347 8.7 67 . 7
AR .61162 3 .63519 5.8 73.5
VO .77393 4 .61493 5.6 79 .1
CO .66252 5 .49184 4.5 83.5
DS .43615 6 .43420 3.9 87 .5
PC .43969 7 .41244 3.7 91.2
PA .45129 8 .30468 2.8 94.0
BD .61081 9 .26784 2.4 96.5
OA .51087 10 .22176 2.0 98.5
COD .40720 11 .16865 1.5 1 Ah A 1UU • U
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Figure 6. Scree plot, age 10.
As can be seen from Tables 33 and 34, a 1-factor 
solution best fits the data. The improvement in 
communality and loadings is very minimal except for OA 
(.15, .16) and BD (.14, .06), when two factors were 
rotated. The improvement in the communality of OA and BD 
suggests that a 2-factor solution was also acceptable, the 
second factor being a minor factor.
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
1 5 4
TABLE 3 3
COMMUNALITIES OF VARIABLES AFTER EXTRACTION 
OF DIFFERENT NUMBER OF FACTORS, AGE 10
# IN SI AR VO CO DS PC PA BD OA COD
IN .72 .71 .61 . 77 .66 .44 .44 .45 .61 • ^ .41
1 .72 .69 .63 .76 .66 .41 .38 .44 .56 .42 .40
2 .74 .73 .63 .81 .69 .44 .48 .46 . 70 .57 .40
3 . 74 . 78 .64 .84 .69 .51 .51 .47 . 73 .56 .47
TABLE 34
HIGHEST LOADINGS OF EACH VARIABLE 
WHEN DIFFERENT NUMBER OF FACTORS 
WERE EXTRACTED, AGE 10
# IN SI AR VO CO DS PC PA BD OA COD
1 .85 .83 .79 .87 .81 .64 .62 .66 .75 .64 .64
2 .81 0000 .67 .94 .83 . 70 .68 .47 .81 .80 .52
3 .77 .93 .55 .95 .77 .55 .69 .48 .83 .78 .36
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Factor solution
The 1-factor solution produced loadings greater than 
.60 and communalities greater than .35 (see Tables 33 and 
34). Tables 35 and 36 present the loadings and the 
correlation between the variables and the factors.
In the 2-factor solution all Verbal subtests and 
Coding loaded on Factor 1 and the Performance subtests, 
with the exception of Coding, loaded on Factor 2. The 
correlation between Factors 1 and 2 was .78.
The 3-factor PFA Oblimin solution was identical to 
the 2-factor solution (see Table 35), in that none of the 
variables had their highest loadings on the third factor. 
This is also evident in Table 36, where no variable had its 
highest correlation with the third factor. In this 
solution, Arithmetic acts differently than in previous 
solutions, in that, when a third factor was extracted, 
Arithmetic did not have an acceptably high loading on 
Factor 3. The Varimax rotation resulted in the 
often-reported DS, COD, and AR composing the third factor. 
However, almost all variables had high loadings on all 
three factors (see Appendix B, p. 328). In the PCA 
extraction, COD and DS formed the third factor with DS 
almost equally split between Factors 1 and 3. Considering 
all the evidence, a 1-factor solution was necessary to 
explain this correlation matrix.
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TABLE 3 5
MEANS AND STANDARD DEVIATIONS OF SCALE SCORES, 
THREE ROTATED SOLUTIONS AND COMMONALITIES, 










h*1 1 2 1 2 3
IN 9.1 10.9 .85 .85 .81 .06 .85 .77 .11 .01 .74
SI 10.8 14.4 .83 .83 .88 .03 .83 .93 -.01 . 12 .78
AR 9.5 11. 6 . 79 . 79 .67 .15 .79 .55 .20 .19 .64
VO 9.8 13.0 .87 .87 .94 .06 .87 .95 -.02 .07 .84
CO 9.9 10.9 .81 .31 .83 .00 .81 .77 .05 .04 .69
DS 8.3 11.6 . fi4 .64 . 70 .05 .64 .55 -.02 ■11 .51
PC 10.8 9.0 .62 .62 .02 .68 .63 .07 .69 .12 .51
PA 10.9 10.9 . fi6 .66 .25 .47 .66 .25 .48 .03 .47
BD 10.0 13.7 .75 .75 .04 .81 .76 -.05 .83 .16 .73
OA 10.7 13.0 .64 .64 -.06 .80 .66 -.03 .78 .01 .56
COD 9.8 ll.fi .64 . fi4 .52 .14 .63 .36 .18 .32 .47
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TABLE 36







1 2 1 2 3
Information .86 .70 .86 .70 .32
Similarities .85 .66 .87 .66 .21
Arithmetic .79 .68 .77 .67 .44
Vocabulary .90 .68 .91 .69 .28
Comprehens ion .83 .65 .83 .65 .34
Digit Span .66 .50 .65 .49 .51
Picture Completion .55 .69 .55 .71 .09
Picture Arrangement .62 .66 .61 .66 .20
Block Design .67 .84 .64 .84 .37
Object Assembly .57 .75 .55 .75 .20
Coding .63 .55 .61 .54 .50




There were 337 cases in this subsample, 207 males and 
130 females. The full-scale IQs ranged from 40 to 150.
Examination of the Correlation 
Matrix
This correlation matrix met the required standards 
for examination with factor analysis. The KMOs, 
correlation coefficients, and the results of Bartlett's 
test of Sphericity were all similar to the other age 
levels. (These results are found in Appendix B, p. 330.)
Results of the Factor Analysis 
Number of factors
The eigenvalue-greater-than-1 criterion and the Scree 
Plot both indicated a 2-factor solution (see Table 37 and 
Figure 7). The Reproduced Correlation matrix resulted in 
50% (28) of the residuals above .05 when one factor was 
extracted and 16% (9) when two factors were extracted.
None of the residuals were above .10 when two factors were 
extracted. Two were at .10; AR with DS and DS with COD 
(see Appendix B, p. 332).
One factor explained 56% of the variance; two, 66%; 
and three, 73% (see Table 37). As can be seen from Tables 
38 and 39, except for OA, there is minimal improvement in 
both communality and factor loadings after one factor was 
extracted and rotated.
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TABLE 37 
INITIAL STATISTICS, AGE 11






IN . 69117 1 6.19590 56.3 56.3
SI .69935 2 1.12233 10.2 66.5
AR .60653 3 .76032 6.9 73.4
VO .77433 4 .66484 6.0 79 .5
CO . 70592 5 .49609 4.5 84.0
DS .47223 6 .48023 4.4 88.4
PC .45349 7 .33772 3.1 91.4
PA .26792 8 .28016 2.5 94.0
BD .63554 9 .25744 2.3 96.3
OA .54863 10 .24490 2.2 98.5
COD .42134 11 .16007 1.5 100.0
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Figure 7. Scree plot, age 11.
Tattles 38 and 39 show that the loadings were all 
above .58 in the 1-factor solution, except for PA (.49). 
The communality for PA was also the lowest (.24), with all 
others being above .34. PA did not meet the communality 
test of .3, even after a 3-factor solution. PA was, 
therefore, counted as a unique factor. In the 2-factor 
solution the loadings were all above .50 except for PA 
(.38)(see Table 38).
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TABLE 3 8
COMMUNALITIES OF VARIABLES AFTER EXTRACTION 
OF DIFFERENT NUMBER OF FACTORS, AGE 11
# IN SI AR VO CO DS PC PA BD OA COD
IN .69 .70 .61 .77 .71 .47 .45 .27 .63 .55 .42
1 .66 .70 .59 .75 .70 .41 .39 .24 .58 .35 .40
2 .71 .72 .61 .79 .73 .44 .47 .28 .67 .79 .39
3 .74 .74 .68 .84 .75 .56 .48 .28 .70 .78 .49
TABLE 39
HIGHEST LOADINGS OF EACH VARIABLE 
WHEN DIFFERENT NUMBER OF FACTORS 
WERE EXTRACTED, AGE 11
# IN SI AR VO CO DS PC PA BD OA COD
1 .81 .84 .76 VOOO .84 .64 .62 .49 .76 .59 .63
2 .87 .82 .78 .89 .84 OOVO .53 .38 .58 .99 .53
3 .83 .79 .65 .91 .78 .74 .53 .37 .57 .93 OO
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The 3-factor solution did not improve the communality 
of the variables substantially over the 2-factor solution. 
Again, OA is the variable that most improved over the
1-factor solution. A 1- or 2-factor solution is therefore, 
acceptable. However, a 2-factor solution is probably the 
upper limit for factorization of this data.
Factor solution
Table 40 presents the 1- to 3-factor solutions. The 
results presented in Table 40 show that all Verbal subtests 
and Coding loaded on Factor 1 in the 2-factor solution.
The Performance subtests with the exception of Coding 
loaded on Factor 2. The correlation between Factors 1 and 
2 was .65 (see Appendix B, p. 333). The 3-factor solution 
resembled the 3-factor solution found in other studies, 
when only the Pattern Matrix is considered. The high 
correlation between the subtests and all the factors in the 
3-factor solution is noteworthy (Table 41) .
A 1-factor solution was probably the best solution 
based on the loadings and the correlation between all 
variables and each factor when more than one factor was 
extracted. However, OA is better explained when there is a
2-factor solution.
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TABLE 4 0
MEANS AND STANDARD DEVIATIONS OF SCALE SCORES, 
THRZE ROTATED SO LOT I OHS AND COMMUNALITIES 










h*1 1 2 1 2 3
IH 8.7 11.6 .81 .66 .87 -.04 . 71 . 8 3 -.02 .05 . 74
SI 10.0 13.7 .84 .70 . 8 2 .04 .72 .79 .06 .04 .74
AR 9 .0 10.2 .77 .59 . 7 8 .01 .61 .22 -.01 . 6 5 .68
VO 9.1 10.2 .86 .75 . 8 9 .00 .79 . 9 1 .01 -.01 .84
CO 9.5 10.2 .84 .70 . 8 4 .02 .73 . 7 8 .04 .07 .75
DS 7.9 10.2 .64 .41 . 8 8 -.03 .44 .06 -.08 . 74 .56
PC 10.7 9.0 .62 .39 .20 . 5 4 .47 .21 • S3 .03 .48
PA 10.6 9.0 .49 .24 .20 . 3 8 .28 .22 . 3 7 .00 .28
BD 10.2 13.7 .76 00 ■IL . 5 8 .67 .02 ■il .36 .70
OA 10.6 13.0 .59 .35 -.16 . 9 9 .79 -.08 . 9 3 -.01 .79
COD 9.6 13.0 .63 .40 . 5 3 .14 .39 -.05 .12 . 6 8 .49
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TABLE 4 1







1 2 1 2 3
Information .84 .52 .86 .50 .69
Similarities .85 .57 .86 .55 .70
Arithmetic .78 .51 .72 .47 .81
Vocabulary .89 .57 .91 .55 .72
Comprehens ion .85 .57 .86 .54 .71
Digit Span .66 .41 .59 .36 .74
Picture Completion .55 .67 .54 .67 .48
Picture Arrangement .44 .50 .44 .50 .37
Block Design .69 .79 .64 .77 .68
Object Assembly .48 .88 .46 .88 .43
Coding .62 .48 .54 .45 .70




The 12-year-old sample was made up of 262 subjects. 
There were 163 males and 99 females. The full-scale IQs 
ranged from 43 to 139.
Examination of the Correlation 
Matrix
This correlation matrix met the required standards 
for factor analysis in terms of correlation coefficients, 
KMOs and Bartlett's test of Sphericity (see Appendix B, 
p. 334).
Results of the Factor Analysis 
Number of factors
Both the eigenvalue-greater-than-1 criterion and the 
scree plot pointed to a 2-factor solution (see Table 42 and 
Figure 8) .
The Reproduced Correlation Matrix resulted in 54%
(30) of the residuals above .05 when one factor was 
extracted and 7% (4) when two factors were extracted. Two 
of the residuals were above .10 (AR with DS, .13 and AR 
with COD, .12) when two factors were extracted (see 
Appendix B, p. 336). One factor explained 55% of the 
variance; two, 65%; and three, 72% (see Table 42).
In the 1-factor solution the loadings were all above 
.50 and the communalities above .35 except for COD at .30 
(see Tables 43 and 44).
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TABLE 42 
INITIAL STATISTICS, AGE 12






IN .67699 1 6.06791 55.2 55.2
SI .68509 2 1.08382 9.9 65.0
AR .56741 3 .81814 7.4 72.5
VO .75585 4 .66101 6.0 78.5
CO .67317 5 .59415 5.4 83.9
DS .39343 6 .38438 3.5 87.4
PC .54527 7 .37495 3.4 90.8
PA .38144 8 .30236 2.7 93.5
BD .62039 9 .28505 2.6 96.1
OA .49868 10 .25731 2.3 98.4
COD .33080 11 .17094 1.6 100. 0
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Figure 8. Scree plot, age 12.
The communalities for the three Performance subtests 
forming Factor 2 improved over the 1-factor solution. In 
the 3-factor solution, AR was the only variable with 
substantially improved communality and loading over the 1- 
or 2-factor solution.
The 2-factor solution is probably worth considering 
for this data set, although a 1-factor solution is quite 
acceptable (see Tables 43 and 44).
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TABLE 43
COMMUNALITIES OF VARIABLES AFTER EXTRACTION 
OF DIFFERENT NUMBER OF FACTORS, AGE 12
# IN SI AR VO CO DS PC PA BD OA COD
IN .68 .68 .57 .76 .67 .39 .54 .38 .62 Ln o .33
1 .62 .68 .54 .68 .53 .38 .48 .38 .56 .36 .30
2 .68 . 74 .54 .83 .70 .37 .58 .38 .73 .60 .29
3 .69 .73 .84 .84 .72 .41 .65 .39 .71 .62 .34
TABLE 44
HIGHEST LOADINGS OF EACH VARIABLE 
WHEN DIFFERENT NUMBER OF FACTORS 
WERE EXTRACTED, AGE 12
# IN SI AR VO CO DS PC PA BD OA COD
1 .78 .83 .74 .83 .79 .61 .69 .62 .75 .60 .54
2 .84 .84 .47 .99 .84 .43 .67 .34 .79 .84 .33
3 .78 .73 .96 .93 .84 .44 .74 .34 .68 .81 .46
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Factor solution
The rotated factor matrix (Table 45) shows that the 
Verbal subtests and COD loaded on Factor 1 and the 
Performance subtests (except for COD and PA) loaded on 
Factor 2 in the 2-factor solution. PA was split between 
Verbal and Performance (.34 and .33). Although AR loaded 
more on the Verbal factor than the Performance, it was also 
split (.47, .32). COD (.33, .26) also had split loadings. 
The tendency to split loadings plus the lack of improvement 
in the communality (for AR, COD, and PA) after two factors 
were extracted indicates that these subtests are more 
related to a general factor than to the Verbal/Performance 
factors. This same split in relationship between these 
subtests and the factors can be seen in the Structure 
Matrix (Table 46). The correlation between the two factors 
was .67 (see Appendix B, p. 337).
The 3-factor solution was the same as the 3-factor 
solution reported widely in the literature, when only the 
Pattern Matrix is considered. PA was split between Factors 
1 and 2, and the correlation between Factors 1 and 3 was 
.71; between 1 and 2, .61; and between 2 and 3, .64.
Although the initial statistics indicated a 2-factor 
solution, a 1-factor solution seems to explain best the 
data when the loadings and the correlation between the 
variables and the factors are examined. However, as can be 
seen from a study of the increase in communalities when
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TABLE 4 5
MEANS AND STANDARD DEVIATIONS OF SCALE SCORES, 
THREE ROTATED SOLUTIOHS AND COMMONALITIES, 










Si*1 - 2 1 2 3
IN 7.9 8.4 .78 .62 .84 -.01 .68 .78 .03 .04 .69
SI 9.2 9.0 .83 .68 .84 .03 .74 .73 .03 .14 .73
AR 3.2 8.4 .74 .54 .47 .32 .54 -.03 -.03 .96 .84
VO 3.4 8.4 .83 .68 .99 -.13 .83 .93 -.08 .05 CO
CO 3.5 6.8 .79 .63 .84 -.01 .70 .84 .05 -.03 .72
DS 7.3 8.4 .61 .38 .43 .23 .37 .19 .07 .44 .41
PC 10.1 3.4 .69 .48 .13 .67 .58 .17 . 74 -.08 .65
PA 10.5 9.6 .62 .38 .34 .33 .38 .33 .34 .02 .39
BD 9.6 14.4 .75 .56 .09 .79 .73 .01 .68 .23 .71
OA 10.2 11.6 .60 .36 -.10 .84 .60 -.10 .81 .05 .62
COD 8.9 11.6 .54 .30 .33 .26 .29 .08 .09 .46 .34
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TABLE 4 6







1 2 1 2 3
Information .83 .55 .83 .54 .61
Similarities .86 .59 .85 .57 .67
Arithmetic .69 .64 .63 .56 .91
Vocabulary .91 .54 .91 .53 .65
Comprehens ion .83 .55 .85 .55 .60
Digit Span .58 .52 .54 .47 .62
Picture Completion .58 .76 .57 .80 .51
Picture Arrangement .57 .56 .56 .56 .47
Block Design .62 .85 .58 .82 .66
Object Assembly .46 .77 .43 .78 .50
Coding .50 .48 .46 .43 .57
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more than one factors were extracted, OA and AR have some 
unique variance not explained by a general factor.
Question 3
What is the factor structure of the WISC-R subtest 
scores when the age groups are selected so that full-scale 
IQ distributions are not significantly different from a 
normal distribution?
To answer this question, the sample was again divided 
into age groups, but cases were selected so that the 
numbers in each IQ range did not differ significantly from 
a normal distribution. This was accomplished by taking the 
number of students available in the middle-IQ range 
(90-109), calling it 50% (as is required by the curve, see 
Table 4, p. 79), then working out the number at all the 
other ranges that will be required to meet the percentages 
reported in Table 4. The number required by the curve was 
not available at all IQ ranges, therefore, the maximum 
number available was selected. Where there was a greater 
number than was required by the curve, the SPSS/PC+ random 
selection generator was used to randomly select front the 
available samples the required number at each IQ range.
The resulting distribution was, therefore, an approximation 
of the normal curve.
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Results
The results of the factor analyses done in order to 
answer Question 3 were the same as the results of the 
factor analyses done to answer Question 2. Details of 
these results may be found in Appendix C (p. 339).
Question 4
What is the factor structure of the WISC-R subtest 
scores when the large sample is divided into two groups 
according to whether they get Coding A or Coding B?
To answer this question, the sample was divided 
between the students who received Coding A (ages 6 and 7) 
and those who received Coding B (ages 8-12). There were 
875 students in group 1 and 2,618 students in group 2. The 
results for each group are presented separately. All 
computer outputs not summarized in the text are found in 
Appendix D .
Group 1— Coding A
Examination of the Correlation 
Matrix
The correlation between Coding and other subtests 
ranged from .20 to .32. All other correlation coefficients 
were larger than .32 (see Appendix D, p. 420). All KMOs 
were greater than .88 (see Appendix D, pp. 420 and 421).
The identity matrix hypothesis was rejected. The 
Correlation Matrix was, therefore, appropriate for factor 
analysis.
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Results of the Factor Analysis 
Number of factors
The eigenvalue-greater-than-1 criterion indicated a
2-factor solution was appropriate. The scree plot 
indicated a 1- or 3-factor solution (see Appendix D, p.
422) .
The Reproduced Correlation Matrix resulted in 40%
(22) of the residuals above .05 when one factor was 
extracted and 12% (7) when two factors were extracted. 
However, only one residual (AR with DS, .11) was above .10 
when two factors were extracted (see Appendix D, p. 423).
One factor explained 48% of the variance; two 
factors, 58%; and three factors, 66%. In the 1-factor 
solution the loadings were all above .55 except for Coding 
(.38). The communalities were all above .30 except for 
Coding (.14) .
The 2-factor solution resulted in the Verbal/ 
Performance split of the WISC-R (see Appendix D, p. 424). 
However, the communality for Coding (.16) did not improve 
(see Table 47).
The 3-factor PFA solution produced the often-reported 
Verbal, Perceptual, and Freedom from Distractibility 
factors, in terms of loadings (see Appendix D, p. 426). 
However, the communality for Coding (.19) remained low.
The PCA solution resulted in Coding forming the third 
factor, thus improving the communality for Coding to .92
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(see Appendix D, p. 427) and all other communalities to 
above .50. Tables 47 and 48, together with the evidence 
from the Reproduced Correlation Matrix and the eigenvalues, 
indicate that a 2-factor solution should be given 
consideration as the most appropriate for this data. 
However, it should be noted that COD had very low 
communality except when it formed a factor by itself in the
3-factor PCA solution. COD was therefore dropped from the 
analysis.
Factor solution without COD
When COD was dropped the eigenvalue-greater-than-1 
criterion and the scree plot clearly indicated a 2-factor 
solution (see Table 49 and Figure 9). One factor explained 
51%; and two factors, 62% of the variance (see Table 49). 
From Table 50, it is evident that the variables separated 
into Verbal and Performance subtests except that PA was 
about evenly divided between the two factors (loadings of 
.34 and .36) and COD was dropped. The loadings did not 
change appreciably from the solutions with COD included.
In the 1-factor solution all loadings were above .55 and 
communalities were above .30. The 1-factor solution was, 
therefore, also an acceptable solution.
Table 51 shows that all the variables are highly 
correlated with all the factors. In the 3-factor solution, 
IN, SI, VO, CO, and BD were correlated as highly as or 
higher than DS with the third factor. This raises the
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TABLE 4 7
COMMUNALITIES OF VARIABLES AFTER EXTRACTION 
OF DIFFERENT NUMBER OF FACTORS, CODING A
# IN SI AR VO CO DS PC PA BD OA COD
INIT . 56 .54 .50 .60 .55 .40 .32 .38 .43 .40 . 17
1 .59 .56 .51 .59 .53 .41 .32 .41 .38 .33 . 14
2 .63 .59 .51 .68 .58 .41 .37 .43 .57 .52 . 16
3 .63 .60 .68 .71 .66 .46 .37 .42 .55 .57 .19
TABLE 48
HIGHEST LOADINGS OF EACH VARIABLE 
WHEN DIFFERENT NUMBER OF FACTORS 
WERE EXTRACTED, CODING A
# IN SI AR VO CO DS PC PA BD OA COD
1 . 77 .75 .71 .77 .73 .64 .57 .64 .62 .57 00CO
2 .80 .74 .62 00 to .78 .47 .49 .41 00 00r* .32
3 .53 .64 .73 .82 .81 .50 .48 .37 .68 .79 .31






WITHOUT COD, AGES 6 & 7






IN .55898 1 5.14744 51.5 51.5
SI .53488 2 1.05652 10.6 62.0
AR .49464 3 .70961 7 .1 69.1
VO .59990 4 .59306 5.9 75.1
CO .54978 5 .57208 5.7 80 .8
DS .40422 6 .45692 4.6 85 .4
PC .32268 7 .42936 4.3 89 .6
PA .36842 8 .38000 3.8 93.4
BD .43170 9 .34975 3.5 96.9
OA .39532 10 .30527 3.1 100.0


















. 0 0 0
1 2 3 4 5 6 7 8 9  10
9. Scree plot, Coding A (ages 6 and 7).
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TABLE 50
KEANS AND STANDARD DEVIATIONS OP SCALE SCORES, 
THREE ROTATED SOLUTIONS AND COMMUNALITIES, 










h*SO* 1 1 2 1 2 3
IH 9 .5 9.6 .77 .59 .82 -.03 .63 .50 -.01 . 3 5 .62
SI 10.4 13.7 .76 .57 . 7 4 . 0 4 .59 . 6 0 .09 . 1 4 .59
AR 9.4 9.0 .71 .50 . 6 5 .08 .51 .06 -.01 . 7 8 .66
v o 10.6 10.9 .77 .60 .88 -.09 .68 .82 -.02 .05 .71
CO 10.3 8.4 . 74 .54 .78 -.02 .58 . 8 4 .05 1 o 00 .66
OS 8.4 9.6 .64 .41 . 5 0 .18 .40 .01 .12 . 6 1 .49
PC 10.9 7.3 .57 .32 .17 . 4 8 .38 .14 . 4 9 .03 .38
PA 10.7 13.7 .63 .40 ■ J 4 ■ J6 .41 .21 . 3 7 . 14 .41
BD 10.5 9.6 .61 .37 -.01 . 7 6 .58 -.08 .72 .12 .57
OA 10.5 8.4 .57 .32 -.05 . 7 7 .53 .01 . 8 0 -.09 .57
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TABLE 5 1
THE 2- AND 3-FACTOR STRUCTURE SOLUTIONS, 






1 2 1 2 3
Information .80 .53 .83 .54 .61
Similarities .77 .55 .85 .57 . 67
Arithmetic .71 .53 .63 .56 .91
Vocabulary .82 .51 .91 .53 .65
Comprehension .76 .51 .85 .55 .60
Digit Span .62 .52 .54 .47 .62
Picture Completion .50 .60 .57 .80 .51
Picture Arrangement .59 .59 .56 .56 .47
Block Design .52 .76 .58 .82 -66
Object Assembly .47 .73 .43 .78 .50
R eproduced  with perm ission o f the copyright owner. Further reproduction prohibited without perm ission.
1 8 1
question as to what the third factor is measuring. The
1-factor solution is appropriate for this data set.
Group 2— Coding B
Examination of the Correlation 
Matrix
The correlation coefficients ranged from .36 to .80. 
The KMOs were all above .90 (see Appendix D, p. 432). The 
identity matrix hypothesis was rejected. Factor analysis 
was, therefore, appropriate for this matrix.
Results of the Factor Analysis 
Number of factors
Both the eigenvalue-greater-than-1 criterion and the 
scree plot indicated a 1-factor solution (see Table 52 and 
Figure 10).
The Reproduced Correlation matrix resulted in 34%
(19) of the residuals above .05 when one factor was 
extracted. Only two residuals were above .10; OA with PC 
(.13) and OA with BD (.19). Seven percent (4) were above 
.05 when two factors were extracted (these four residuals 
ranged from .05 to .07) and none of the residuals above .05 
when three factors were extracted (see Appendix D, pp.
434, 435).
One factor explained 60% of the variance; two 
factors, 68%; and three factors, 75% (see Table 52).
Tables 53 and 54 present the communalities and loadings 
when different number of factors were extracted.
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TABLE 52 
INITIAL STATISTICS, CODING B






IN .71874 1 6.60265 60.0 60.0
SI .70477 2 .90753 8.3 68.3
AR .54330 3 .68768 6.3 74.5
VO .78369 4 .59911 5.4 80.0
CO .69430 5 .48300 4.4 84.4
DS .46247 6 .43437 3.9 88.3
PC .48264 7 .34340 3.1 91.4
PA .35996 8 .27818 2.5 94. 0
BD .63564 9 .26896 2.4 96.4
OA .49802 10 .23050 2.1 98.5
COD .39571 11 .16461 1.5 100.0
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Figure 10. Scree plot, Coding B (ages 8-12).
A 1-factor solution presented the best solution when 
all the results were considered. However, a 2-factor 
solution also seemed adequate to define the data, the 
second factor being a minor factor (the difference in 
eigenvalue between Factors 1 and 2 suggests 
unidimensionality).
Factor solution
Table 55 presents the Pattern Matrix for the 1- to 
3-factor solution. The 1-factor solution produced loadings 






1 2  3 4 5 6  7 8 9  10 11
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TABLE 5 3
COMMUNALITIES OF VARIABLES AFTER EXTRACTION 
OF DIFFERENT NUMBER OF FACTORS,
CODING B
# IN SI AR VO CO DS PC PA BD OA COD
INIT .72 .71 .65 .79 .70 .47 .49 .36 .64 .50 .40
1 .72 .71 .66 .77 .69 .46 .47 .37 .61 .40 .40
2 .75 .73 .67 .83 .72 .47 .53 .37 .72 .65 .39
3 . 75 .75 .73 .86 .73 .54 .55 .38 .74 .65 .45
TABLE 54
HIGHEST LOADINGS OF EACH VARIABLE 
WHEN DIFFERENT NUMBER OF FACTORS 
WERE EXTRACTED, CODING B
# IN SI AR VO CO DS PC PA BD OA COD
1 .85 . 84 .81 00 00 .83 .67 .68 .60 .78 .63 .63
2 GOCD .84 .76 . 99 .85 .67 .53 .33 .67 .88 .48
3 .71 .81 .71 .93 .80 .69 .50 .37 .56 .75 .63
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TABLE 55
KEANS AND STANDARD DEVIATIONS OF SCALE SCORES, 
THREE ROTATED SOLDTIONS AND COMMONALITIES, 










h*1 2 1 2 3
IN 9.5 12.3 .85 .72 .88 -.02 .75 .71 .00 .17 .75
SI 11.1 16.0 .34 .71 .84 .02 .73 .81 .05 .02 .75
AR 9.8 12.3 .81 .66 .76 .08 .66 .17 .00 .71 .73
VO 10.6 15.2 .88 .76 .99 -.10 .83 .93 -.06 .04 .86
CO 10.4 12.3 .83 .68 .85 -.01 .71 .80 .02 .05 .73
DS a.6 10.9 .67 .45 .67 .02 .46 .08 -.06 .69 .53
PC ::.2 9.6 .68 .46 .24 .53 .52 .35 .50 -.03 .55
PA 11.2 11.6 .60 .36 • H .32 .37 .37 .30 .01 .38
3D 10.7 14.4 .78 .60 .22 .67 .72 -.02 .56 •il .73
OA 10.9 11.6 .63 .39 -.01 .88 .65 .01 .75 .07 .64
COD 9.8 11.6 .63 .39 .48 .17 .39 -.03 .10 .63 .45
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TABLE 5 6
THE 2- AND 3-FACTOR STRUCTURE SOLUTIONS, 






1 2 1 2 3
Information .87 .63 .86 .54 .77
Similarities .85 .63 .86 .56 .74
Arithmetic .81 .63 .76 .53 .85
Vocabulary .91 .62 .92 .53 .78
Comprehens ion .84 .61 .85 .54 .73
Digit Span .68 .52 .63 .41 .73
Picture Completion .63 .70 .63 .69 .56
Picture Arrangement .57 .56 .57 .54 .51
Block Design .71 .84 .67 .80 .73
Object Assembly .54 .80 .52 .80 .53
Coding .61 .53 .56 .46 .67
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The 2-factor PFA solution resulted in OA, BD, and PC 
forming the second factor and PA about equally split 
between Factors 1 and 2. The PCA extraction placed PA with 
Factor 2.
The 3-factor solutions resulted in Factor 1 splitting 
into two factors with AR, DS, and COD forming Factor 3 in 
the PFA solution. PA and PC were split between Factors 1 
and 2 and BD was split between Factors 2 and 3. In the PCA 
solution AR was split between Factors 1 and 3 but loaded 
highest on Factor 1. The correlation between Factors 1 and 
3 was .83 in the PFA, Oblimin solution; .62 between Factors 
1 and 2, and .61 between 2 and 3. These same patterns of 
high correlations between all variables and all factors are 
seen in Table 56. These high correlations indicate that 
any factoring above a 1-factor solution results in less 
generalizability between factors and variables. The
1-factor solution is the best solution for this data set.
Question 5
What is the factor structure of the WISC-R subtest 
scores when the sample between ages 8.00 and 12.11 is 
divided according to IQ ranges, such as, below 80 (below 
average), 80-119 (average), and above 119 (superior)? A 
subsample of students between ages 8.00 and 12.11 was 
selected. This sample was further divided into three 
groups according to IQ range (below 80, 80-119, and above
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There were 276 subjects, 59 eight-year-olds, 72 nine- 
year-olds, 63 ten-year-olds, 40 eleven-year-olds, and 42 
twelve-year-olds. There were 153 males and 123 females.
IQs ranged from 42 to 79.
Examination of the Correlation 
Matrix
The correlation coefficients ranged from .00 to .57. 
The KMOs ranged from .56(BD) to .87(SI). According to 
Kaiser (1974), this ranged from "miserable" to 
"meritorious." However, it should be noted that none of 
the KMOs fell below .50 ("unacceptable") and that the 
overall KMO was .78 ("middling") (see Appendix E, p. 438).
The identity matrix hypothesis was rejected. The 
correlation matrix was, therefore, appropriate for factor 
analysis.
Results of the Factor Analysis 
Number of factors
The eigenvalue-greater-than-1 criterion indicated a
2-factor solution. The scree plot was interpreted to be 
indicating a 2-factor solution (see Appendix E, 
pp. 439 , 440) .
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The Reproduced Correlation Matrix resulted in 47%
(26) of the residuals above .05 when one factor was 
extracted. A number of the residuals were particularly 
high (e.g., OA with PC [.37] and OA with BD [.46]) (see 
Appendix E, p. 441). This seemed to indicate that one 
factor was not sufficient to explain the data. When two 
factors were extracted, 38% (21) were above .05; however, 
only two were above .10 (VO with AR, -.11 and VO with CO, 
.11). When three factors were extracted 20% were above .05 
but none were above .10.
One factor explained 31% of the variance; two 
factors, 47%; three factors, 56%; and four factors, 65%.
The loadings ranged from .13 to .69 in the 1-factor 
solution. The 2-factor solution produced loadings above 
.40 for all variables except PA (.34). OA, BD, and PC made 
up the second factor. The communalities ranged from .21 to 
.65. The correlation between the two factors was only .19 
(see Tables 57 and Appendix E, pp. 442, 443).
In the 3-factor PFA solution the first factor of the
2-factor solution split into two with AR, DS, and COD 
forming the third factor. IN was about equally split 
between Factors 1 and 3. PA did not load significantly on 
any factor. The correlation between Factors 1 and 3 was 
-.65. In the PCA solution the third factor was made up of 
PA, PC, and SI. The Verbal subtest and COD made up the
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TABLE 5 7
COMMUNALITIES OF VARIABLES AFTER EXTRACTION 
OF DIFFERENT NUMBERS OF FACTORS,
IQ BELOW 80
# IN SI AR VO CO DS PC PA BD OA COD
IN .38 .22 .38 .45 .41 .40 .22 .20 .29 .34 .22
1 .38 .22 .38 .45 .44 .48 .03 . 16 .02 .02 .21
2 .43 .22 .38 .48 .45 .47 .25 . 19 .31 .65 .21
3 .42 .26 .56 .59 .50 .52 .25 . 18 .32 .69 .23
TABLE 58
HIGHEST LOADINGS OF EACH VARIABLE 
WHEN DIFFERENT NUMBER OF FACTORS 
WERE EXTRACTED, IQ BELOW 80
# IN SI AR VO CO DS PC PA BD OA COD
1 .61 .47 .62 .67 .66 .69 . 17 .40 . 13 .13 .46
2 .67 .48 .58 .70 .67 .68 .49 .34 .56 .81 .46
3 .38 .49 .78 .76 .66 .61 .49 .24 .53 .85 .42
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first factor. SI was split between Factors 1 and 2. PC 
was split between Factors 2 and 3 (see Appendix E, p. 443).
The 4-factor PFA solution resulted in PA and PC 
splitting off from Factor 3 in the 3-factor solution and 
forming the fourth factor. In the PCA solution, COD, DS, 
and AR formed the fourth factor. DS was split between 
Factors 1 and 4; SI was split between Factors 1 and 3; and 
PC was split between Factors 2 and 3 (see Appendix E, 
pp. 444, 445 ) .
The split loadings in the 3- and 4-factor solutions 
together with the fact that the 2-factor solution had high 
loadings and acceptable communalities for a number of 
variables (PA had unacceptably low communality) indicated 
that the 2-factor solution was the best solution. However, 
PA was dropped from the final analysis due to low 
communality.
Factor solution without PA
When PA was dropped, both the eigenvalues criterion 
and the scree plot indicated a 2-factor solution (see 
Appendix E, p. 446). The communalities were all .20 or 
above and all loadings were above .40 for the 2-factor 
solution. The communalities did not improve in the 
3-factor solution. The 2-factor solution was therefore 
regarded as acceptable. However, PC (.22), COD (.20), and 
SI (.22) all had low communalities (see Appendix E,
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
1 9 2
pp. 447, 448). These variables can, therefore, be regarded 
as unique factors and were dropped from the final analysis.
When PA, PC, SI, and COD were dropped from the 
analysis, the eigenvalue criterion suggested a 2-factor 
solution (Table 59) and the scree plot, a 3-factor solution 
(Figure 11). Two factors explained 61% of the variance; 
three factors explained 72%. The communalities for BD 
(.02) and OA (.01) were low in the 1-factor solution. All 
communalities were above .30 in the 2-factor solution. 
Tables 60 and 61 present the solutions. The Verbal 
subtests left in the analysis loaded on factor 1. Block 
Design and Object Assembly formed the second factor. The 
correlations between these two subtests and Factor 1 were 
negligible.
The communalities for AR and VO improved in the 3- 
factor solution. The loadings were also adequate.
However, when Table 61 was examined, all the Verbal 
subtests were correlated with both factors 1 and 2. 
Therefore, although a 3-factor solution seemed acceptable 
in the Pattern Matrix, the Structure Matrix indicated that 
a two factor solution was sufficient and necessary to 
explain the correlation matrix. The 3-factor solution, 
therefore, involved some factor splitting. This factor 
splitting was probably due to some specific variance 
belonging to Arithmetic.




IQ BELOW 80, WITHOUT PA, COD, PC, SI






IN .36158 1 2.77291 39.6 39.6
AR .35023 2 1.49576 21.4 61.0
VO .42638 3 .77306 11.0 72.0
CO .39981 4 .58343 8.3 80.4
DS .36856 5 .53105 7.6 87.9
BD .26850 6 .48752 7.0 94.9












S .773 - *
.488 - * * *
.356 * *
.000     •     : -
1 2 3 4 5 6 7
Figure 11. Scree plot, IQ below 80.
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TABLE 6 0
KEANS AND STANDARD DEVIATIONS OF SCALE SCORES, 
THREE ROTATED SOLUTIONS AND COMMUNALITIES, 









h*l 1 2 1 2 3
IN 4.6 4.4 . 66 .43 .69 -.11 .47 .JO -.13 -. 45 .45
AR 5.2 4.8 .61 .37 .58 .16 .38 -.11 .07 -.84 .64
VO 5.1 5.3 .63 .46 .69 -.05 .48 .93 .04 .08 .78
CO 5.7 4.4 .67 .45 .68 -.05 .46 .54 -.01 or .46
OS 5.0 6.8 .68 .46 .66 .09 .46 .23 .05 -.so .45
BO 5.2 6.8 .13 .02 .01 .80 .64 .03 .79 -.01 .63
OA 6.5 7.8 .10 .01 .00 .59 .34 .00 .59 -.01 .35
TABLE 61
THE 2- AND 3-FACTOR STRUCTURE 







Variable 1 2 1 2 3
Information .63 -.03 .56 -.06 -.60
Arithmetic .60 .23 .38 .20 -.79
Vocabulary .69 .03 .87 .03 -.47
Comprehension .68 .03 .66 .02 -.51
Digit Span .67 .17 .52 .13 -.64
Bloclc Design .10 .80 .03 .79 -.15
Object Assembly .07 .58 .01 .59 -.10




There were 1,650 subjects, 509 eight-year-olds, 373 
nine-year-olds, 319 ten-year-olds, 247 eleven-year-olds, 
and 202 twelve-year-olds, of which 1,017 were males and 633 
were females.
Examination of the Correlation 
Matrix
The correlation coefficients ranged from .05 to .59 
(see Appendix E, p. 449). The KMOs ranged from .69 (OA) to 
.87 (IN, PA). The identity matrix hypothesis was rejected. 
The correlation matrix was, therefore, appropriate for 
factor analysis.
Results of the Factor Analysis 
Number of factors
The eigenvalue-greater-than-1 criterion indicated a 
3-factor solution (see Appendix E, p. 450). The scree plot 
showed a 4-factor solution.
The Reproduced Correlation Matrix resulted in 58%
(32) of the residuals being above .05 when one factor was 
extracted. The residual for BD with OA was .34; thus, one 
factor was not adequate to explain the data. When two 
factors were extracted, 21% (12) of the residuals were 
above .05. There were three residuals that were above .10, 
those involving DS, COD, and AR. None of the residuals
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were above .05 when three factors were extracted (see 
Appendix E, pp. 452, 454).
One factor explained 33% of the variance, two factors 
explained 46%, three factors explained 56%, and four 
factors explained 64%.
Tables 52 and 6 3 present the communalities and 
loadings when different number of factors were extracted. 
The 1-factor solution produced loadings ranging from .20 to 
.74 when one factor was extracted. Communalities ranged 
from .06 to .55.
In the 2-factor solution the loadings ranged from .25 
to .74 and the communalities from .06 to .64. The Verbal 
subtests constituted Factor 1 and the Performance subtests 
formed Factor 2, except for Coding which had a loading of 
.20 on factor 1 (see Appendix E, p. 453).
The loadings in the 3-factor solution were mostly 
above .40 except for PA (.29). The communalities were .20 
or above except for PA (.12) and COD (.17). The often- 
reported 3-factor divisions appeared in both PFA and PCA 
solutions (see Appendix E, pp. 454, 455).
The low communalities of PA and COD, when different 
number of factors were extracted, indicated that PA and COD 
did not share enough variance with the factors to be 
included in the factor analysis. When PA was removed a 
3-factor solution was still indicated. The same variable 
alignments resulted with OA, BD, and PC forming the second
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TABLE 6 2
COMMUNALITIES OF VARIABLES AFTER EXTRACTION 
OF DIFFERENT NUMBER OF FACTORS, IQ 80-119
# IN SI AR VO CO DS PC PA BD OA COD
INIT .40 .43 .31 .53 .40 .21 . 19 .09 .34 .29 .10
1 .44 .48 .31 .55 .41 .20 . 13 .07 .22 . 10 .06
2 .47 .51 .31 .64 .43 .20 .24 . 10 .50 .50 .06
3 .46 .52 .48 .70 .45 .31 .26 . 12 .52 .52 .17
TABLE 63
HIGHEST LOADINGS OF EACH VARIABLE 
WHEN DIFFERENT NUMBER OF FACTORS 
WERE EXTRACTED, IQ 80-119
# IN SI AR VO CO DS PC PA BD OA COD
1 .66 .69 .56 .74 .64 .45 .36 .26 .46 .31 .25
2 .69 .72 .51 .85 .66 .43 . 44 .27 .67 . 77 .20
3 .61 .68 .58 .84 .64 .46 .46 .29 .63 .76 .42
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factor. It should, however, be noted that COD (.18) and PC 
(.24) had low communalities.
When COD and PA were dropped, the eigenvalues 
criterion suggested a 2-factor solution (see Appendix E, 
p. 456). The scree plot indicated a 3-factor solution (see 
Appendix E, p. 456). One factor explained 38% of the 
variance two factors, 54%; and three factors, 64%. In the 
2-factor solution the communalities for DS (19), AR (.29), 
and PC (.22) were low. All other communalities were above 
.40. The 3-factor solution did not improve the communality 
for DS or PC but it improved AR to .55 (see Appendix E, 
p. 457). DS and PC were therefore dropped from the final 
analysis. The scree plot (Figure 12) showed a 3-factor 
solution, and the eigenvalue criterion (Table 64) indicated 
a 2-factor solution in the analysis without PA, COD, PC, 
and DS. After two factors were extracted none of the 
residuals were above .05 (see Appendix E, p. 457). A 
2-factor solution was acceptable for this data set.
Factor solution
The results are presented in Tables 65 and 66. In the
2-factor solution all communalities were .30 or above, 
except for AR (.27). AR was the third factor in the
3-factor solution. All communalities were above .30 in the
3-factor solution. Block Design and Object Assembly formed 
the second factor. All communalities were acceptable in
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TABLE 64
INITIAL STATISTICS, IQ 80-119, WITHOUT PA, COD, PC AND DS






IN .39292 1 3.09460 44.2 44.2
SI .43406 2 1.28160 18.3 62 .5
AR .24639 3 .76126 10.9 73.4
VO .52204 4 .57592 8.2 81.6
CO .38788 5 .46952 6.7 88.3
BD .31827 6 .46056 6.6 94.9










U 1.282 - 
E




Figure 12. Scree plot, IQ 80-119.
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TABLE 65
KEANS AND STANDARD DEVIATIONS OF SCALE SCORES, 
THREE ROTATED SOLUTIONS AND COMMUNALITIBS, 







VAR M SD* 1 h* 1 2 h* 1 2 3
IN 8.6 6.3 .68 .46 .68 .00 .47 .49 -.01 .28 .48
SI 10.3 7.3 .73 .53 .74 .01 .54 .59 .02 .19 .53
AR 8.9 6.3 .52 .27 .45 .14 .27 .14 .07 .51 .39
VO 9.6 6.8 .78 .61 .85 -.09 .68 .89 -.03 -.04 .73
CO 9.6 5.8 .65 .42 .66 -.02 .43 .71 .04 -.07 .47
3D 10.1 7.8 .40 . 16 .03 .88 .79 -.04 .71 .21 .61
◦A :o.5 7.8 .26 .07 -.01 .55 .30 .04 .69 -.11 .45
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TABLE 66
THE 2- AND 3-FACTOR STRUCTURE SOLUTIONS, 






1 2 1 2 3
Information .68 .26 .65 .22 .56
Similarities .73 .27 .71 .25 .54
Arithmetic .50 .31 .45 .26 .61
Vocabulary .82 .23 .85 .23 .46
Comprehens ion .66 .23 .68 .24 .35
Block Design .36 o>CO .30 .76 .39
Object Assembly .20 .54 . 18 .67 .10
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the 3-factor solution. Factor 1 was formed by IN, SI, VO 
and CO. The 3-factor solution was the most acceptable, 
with two common factors and one unique factor (AR).
IQ Above 119
The Sample
There were 690 subjects, 317 eight-year-olds, 207 
nine-year-olds, 98 ten-year-olds, 50 eleven-year-olds, and 
18 twelve-year-olds. There were 368 males and 322 females.
Examination of the Correlation 
Matrix
The KMOs ranged from .47 (PA) to .73 (SI). The 
overall KMO was .65. The KMO for PA (.47) was too low for 
PA to be included in the factor analysis (see Appendix E, 
p. 459). The correlation coefficients between PA and other 
variables were very low (all at or below .11), except for 
that with PC (.14). It was therefore unacceptable to 
include PA in this factor analysis.
The Correlation Matrix 
Without PA
The KMOs ranged from .57 (COD) to .74 (SI). The KMO 
for the Performance subtests was mostly in the 50s, which 
means that correlations between pairs of variables cannot 
be explained by the other variables. The overall KMO was 
.66 (see Appendix E, p. 460). This means that this 
correlation matrix is very borderline for factor analysis 
and raises the question as to whether it is acceptable for
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the Performance subtests to be included in the factor 
analysis.
The identity matrix hypothesis was rejected.
Although it was questionable as to whether one should 
proceed with factor analysis at this point, the decision 
was made to proceed because others have factor analyzed 
this type of matrix.
Results of the Factor Analysis 
Number of factors
Both the eigenvalue-greater-than-1 criterion and the 
scree plot indicated a 3-factor solution. Twenty-one 
percent of the variance was explained by one factor; 38%, 
by two factors; and 50%, by three factors (see Appendix E, 
pp. 460, 461).
The Reproduced Correlation matrix resulted in 37%
(17) of the residuals being above .05 when one factor was 
extracted, 22% (10) when two factors were extracted, and 2% 
(1) when three factors were extracted (see Appendix E, 
pp. 461-463).
Tables 67 and 68 present the communalities and 
highest loadings when different number of factors were 
extracted. The initial communalities (squared multiple 
correlations) were all poor, mostly below .20. Vocabulary 
alone had a communality above .30 (.33).
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TABLE 6 7
COMMUNALITIES OF VARIABLES AFTER EXTRACTION OF 
DIFFERENT NUMBER OF FACTORS, IQ ABOVE 119
# IN SI AR VO CO DS PC BD OA COD
IN .22 . 16 .13 .33 .16 .13 .07 .20 . 19 .08
1 .29 .20 .06 .63 . 18 .05 .00 .00 .03 .01
2 .31 .20 .11 .61 .19 . 13 .07 .48 .28 .05
3 .32 .25 .31 .59 .19 .24 .14 .39 .45 .12
TABLE 68
HIGHEST LOADINGS OF EACH VARIABLE 
WHEN DIFFERENT NUMBER OF FACTORS 
WERE EXTRACTED, IQ ABOVE 119
# IN SI AR VO CO DS PC BD OA COD
1 .54 .45 .24 .80 .42 .22 .03 .06 .16 .10
2 .56 .44 .28 .77 .41 .27 26 .69 .52 .21
3 .54 .50 .54 .75 .42 .46 .37 .53 .65 .30
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A 1-factor solution produced low loadings (ranging 
from .03 to .80) and low communalities (six were below .1). 
In the 2-factor solution four factor loadings were below .3 
and seven communalities were below .3, with two being below 
.1. Factor 1 was made up of the Verbal subtests and Factor 
2 of the Performance subtests (see Appendix E, p. 463). 
However the loadings for AR, DS, PC, and COD were all below 
.3.
The 3-factor PFA solution produced communalities 
above .2 (see Table 67) and loadings above .3 for most 
subtests (see Table 68). There were three subtests with 
very low communalities (CO, PC, and COD). Since these 
three subtests had very little shared variance with the 
factors extracted and there was no theoretical or 
experimental reasons to expect new common factors to emerge 
if they were dropped one at a time, all three were dropped 
at once.
When PA, CO, PC, and COD were dropped, the KMO for OA 
was .50 and for 3D, .52 (see Appendix E, p. 464). These 
low KMOs are understandable since these two subtests were 
not related to the other (Verbal) subtests. They were, 
therefore, left in for this analysis. The 2-factor 
solution without PA, CO, PC, and COD resulted in SI, AR,
DS, and OA having communalities below .30. In the 3-factor 
solution all communalities were above .30 except SI (.29), 
and DS (.19). AR and DS formed Factor 3 and all loadings
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were above .50 except for DS (.38, see Appendix E, p. 464). 
DS was dropped in the final analysis; SI was left in as a 
borderline variable.
The initial communalities were all below .30 and all 
except IN and VO were below .20 (see Table 69). The 
eigenvalue-greater-than-1 criterion indicated a 2-factor 
solution (see Table 69). The scree plot indicated a
3-factor solution (Figure 13).
Factor solution
Tables 7 0 and 71 present the solutions. The 
communalities were very poor after one factor was extracted 
(BD, .00; OA, .02; AR, .05; and SI, .21). After two 
factors were extracted, the communalities for AR, OA, and 
SI were still below .30. The 3-factor solution resulted in 
all variables, except SI, having communalities above .30.
AR formed the third factor. The above discussion seems to 
indicate that at this IQ range, there are six unique 
factors (PA, CO, COD, DS, AR, and SI) and two common 
factors. This suggests a lack of relationship of variables 
at this IQ range.
The Verbal subtests (excluding AR) remaining in the 
analysis formed the first factor, and OA and BD formed the 
second factor in the 3-factor solution; AR was defined by 
the third factor. The Structure Matrix presents 
essentially the same picture as the Pattern Matrix. Two
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TABLE 69
INITIAL STATISTICS, IQ > 119, 
WITHOUT PA, PC, COD, CO, DS






IN .20805 1 1.79575 29 .9 29 .9
SI .15090 2 1.40058 23.3 53.3
AR .08111 3 .97857 16.3 69 . 6
VO .25121 4 .68561 11.4 81.0
BD .16819 5 .60002 10.0 91.0
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Figure 13. Scree plot, IQ above 119.
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TABLE 7 0
KEANS AND STANDARD DEVIATIONS OF SCALE SCORES, 
THREE ROTATED SOLUTIONS AND COMMUNALITIES, 










h«1 1 2 1 2 3
IN 13,4 3.6 .57 .33 . 5 9 -.01 .35 . 5 4 .03 -■.13 .35
SI 15.4 5.8 . 4 5 .21 . 4 5 -.05 .20 . 5 6 .03 .12 .29
AR 13.5 4.8 .22 .05 .26 . n .08 .03 .02 - . 6 3 .41
v o 15.0 4.4 .74 .55 . 7 1 -.14 .53 . 6 5 -.11 -.11 .49
BD 14.7 6.3 -.05 .00 o CO .75 .57 .00 . 5 8 - .1 4 .37




3-FACTOR STRUCTURE SOLUTIONS, 





Variable 1 2 1 2 3
Information .59 -.01 .57 -.01 -.27
Similarities .45 -.06 .53 -.04 -.02
Arithmetic .26 .11 .19 .08 -.64
Vocabulary .71 -.15 .69 -.16 -.26
Block Design .07 .75 -.02 .59 -.19
Object Assembly -.09 .51 -.11 .67 .05
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common factors and six unique factors are necessary to 
define this correlation matrix.
Question 6
What is the factor structure of the WISC-R subtest 
scores for referred students with full-scale IQs above 114.
The Sample
There were 866 subjects, 8-12 years of age. There 
were 47 5 males and 391 females.
Examination of the Correlation 
Matrix
The correlation coefficients ranged from .00 to .47. 
The KMOs ranged from .53 (PA) to .78 (IN). The overall KMO 
was .71. The KMO for PA was very borderline. The identity 
matrix hypothesis was rejected (see Appendix F, p. 468).
It was, therefore, appropriate to proceed with factor 
analysis.
Results of Factor Analysis 
Number of factors
The eigenvalue-greater-than-1 criterion indicated a 
4-factor solution. One factor explained 22% of the 
variance, two factors explained 37%, three factors 
explained 49% and four factors explained 59% (see Appendix 
F, p. 469). The scree plot showed a 6-factor solution, but 
there was a slight break at the 3-factor position (see 
Appendix F, p. 470).
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The Reproduced Correlation Matrix resulted in 47%
(26) of the residuals being above .05 when one factor was 
extracted. The residual for OA with BD was .38 and the 
residual for OA with PC was .23. Therefore, one factor was 
insufficient to explain the data. When two factors were 
extracted, 30% (17) of the residuals were above .05; three 
were above .10. When three factors were extracted 7% (4) 
were above .05. None were above .10 (see Appendix F, 
pp. 471, 472). This suggests that any further factoring 
was with insignificant residuals.
Tables 72 and 7 3 present the communalities and 
loadings after different number of factors were extracted.
A 1-factor solution produced low loadings (ranging from .07 
to .77) and low communalities (five below .1 and only IN 
[.38] and VO [.60] were above .30). The loadings and 
communalities confirm that one factor was not adequate to 
explain the data.
In the 2-factor solution PA, PC, and COD did not have 
substantive loadings on either of the two factors. The 
highest loading for PA, was .07; for COD, .21; and PC, .27. 
The communalities for PA (.00), COD (.05), and PC (.08) 
were all low.
The 3-factor solution produced loadings at or above 
.40 for all subtests except PA (.11). The communality for 
PA was only .03. The subtests forming the different 
factors were similar to the often-reported 3-factor
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TABLE 7 2
COMMUNALITIES OF VARIABLES AFTER EXTRACTION OF 
DIFFERENT NUMBER OF FACTORS, IQ ABOVE 114
# IN SI AR VO CO DS PC PA BD OA COD
INIT .29 .23 .19 .41 .24 . 17 . 11 .04 .22 . 19 .09
1 . 38 .27 . 14 .60 .28 . 11 .01 . 00 .01 . 01 . 00
2 .37 .27 . 18 .64 .30 . 15 .08 . 00 .55 .26 .05
3 .39 .29 .34 . 64 .30 . 30 . 19 .03 .43 .40 . 17
TABLE 7 3
HIGHEST LOADINGS OF EACH VARIABLE 
WHEN DIFFERENT NUMBER OF FACTORS 
WERE EXTRACTED, IQ ABOVE 114
# IN SI AR VO CO DS PC PA BD OA COD
1 .62 .52 .37 .77 .53 .34 .11 .07 . 11 .09 .07
2 .60 .52 .33 .81 .55 .30 .27 .07 .74 .50 .21
3 .60 .54 .51 .80 .54 .49 .40 . 11 .59 .62 .41
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
212
solution except for PA which did not have substantive 
loadings on any factor (see Appendix F, p. 4 73).
An examination of Tables 72 and 7 3 indicated that PA, 
COD, and PC did not have enough common variance with the 
other variables (low initial communality) or with any of 
the three factors to be included in the final solution. It 
should, however, be noted that the loadings for COD and PC 
increased to acceptable levels in the 3-factor solution.
The fact that the third factor is contributing as much to 
the interpretation of PC as the second factor does not mean 
that PC is related to the third factor (the highest loading 
is on the second factor and the highest correlation is with 
Factor 3) (see Appendix F, p. 473).
This higher communality must mean that the 3-factor 
solution must be removing a variable from the second factor 
in the 2-factor solution that was preventing PC from 
sharing variance with the factor. The suggestion is, 
therefore, that the relationship of PC with the second 
factor is not very strong. COD does have some relationship 
with the third factor but the low communalities indicate 
that this relationship is not very strong. It was 
therefore decided to drop PA, PC, and COD from the 
analysis. When PA, PC, and COD were excluded from the 
factor analysis, the communality for DS did not reach 
criterion even after three factors were extracted. DS was
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TABLE 74
INITIAL STATISTICS, IQ ABOVE 114






IN .27614 1 2.30545 32. 9 32 .9
SI .22761 2 1.42207 20.3 53.3
AR . 11863 3 .92322 13.2 66 .4
VO . 39976 4 .70096 10. 0 76.5
CO .23071 5 .63535 9.1 85.5
BD .18390 6 .56039 8.0 93.5
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Figure 14. Scree plot, IQ above 114.
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therefore dropped (see Appendix F, p. 474). When DS was 
removed, two factors emerged, as indicated by both the 
eigenvalue-greater-than-1 criterion (Table 74) and the 
scree plot (Figure 14).
Factor solution
Tables 75 and 76 present the results. Three factors 
were necessary to obtain acceptable communalities. In the 
3-factor solution, IN, SI, VO, and CO formed the first 
factor; BD and OA, the second factor; and AR, the third 
factor. This evidence seems to indicate that two common 
factors and five unique factors (AR, DS, PA, PC, and COD) 
are required to explain the correlation matrix.
Question 7
What is the factor structure of the WISC-R when 
groups are selected so that the IQ range is equal for all 
groups?
The Sample
The group between ages 8 and 12 was divided into five 
IQ ranges: 70-84, 85-99, 100-114, 115-129, 130-144. The 
number of subjects in each range was as outlined in Table 
77 .
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TABLE 7 5
MEANS AND STANDARD DEVIATIONS OF SCALE SCORES, 
THREE ROTATED SOLUTIONS AND COMMUNALITIES, 










h*2 1 2 3
IN 13.0 4.0 .60 .36 .SI .04 .37 .55 .07 -•.12 .37
SI is.: 6.3 .54 .29 .53 -.04 .29 .60 .04 .08 .32
AR 13.2 5.3 .31 .09 .32 .14 .12 .03 .00 - .64 .43
VO 14.5 5.3 .81 .66 .80 -.09 .66 .79 -.04 - .04 .65
CO 13.8 5.3 .54 .29 .53 -.12 .30 .54 -.08 .00 .30
BD ■4.1 6.3 .04 .00 .13 .81 .67 .01 .58 - .19 .40
OA 13.3 7.3 -.13 .02 -.11 .47 .23 -.02 .69 .14 .48
TABLE 7 6
THE 2- AND 3-FACTOR STRUCTURE 







Variable 1 2 2 3
Information .61 .03 .59 .04 -.35
Similarities .53 -.04 .56 -.02 -.15
Arithmetic .32 .13 .28 .09 -.66
Vocabulary .30 -.10 .SO -.10 -.33
Comprehens ion .54 -.12 .54 -.12 -.19
Block Design . 12 .80 .04 .60 -.28
Object Assembly -. 11 .47 -.13 .67 .06
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TABLE 77
SAMPLE FOR QUESTION 7
IQ Range Males Females Total
70-84 187 147 334
85-99 444 299 743
100-114 384 202 586
115-129 299 275 574
130-144 165 109 274
IQ 70-84
Examination of the Correlation 
Matrix
The KMO for PA was unacceptable for factor analysis 
(.46) (see Appendix G, p. 477). Following Norusis (1988), 
PA was dropped and all KMOs were above .50 (see Appendix G, 
pp. 477, 478). The correlation coefficients ranged from 
.00 to .49 (see Appendix G, p. 476). The identity matrix 
hypothesis was rejected.
Results of the Factor Analysis 
Number of factors
The eigenvalue-greater-than-1 criterion indicated a 
3-factor solution. The scree plot showed a 1- or 3-factor 
solution (see Appendix G, pp. 478, 479). The Reproduced 
Correlation Matrix resulted in 40% (18) of the residuals 
being above .05 when one factor was extracted; 37% (17), 
when two factors were extracted; and 15% (7), when three
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factors were extracted (see Appendix G, p. 479-481). One 
factor explained 25% of the variance; two factors, 38%; 
three factors, 50%; and four factors, 60%.
Tables 7 8 and 79 present the initial and final 
communalities and factor loadings after extraction of 
different number of factors. As can be seen from these 
tables, as the factors became better defined the 
communalities and loadings of all variables, except SI and 
PC, improved. This suggests that SI and PC do not share 
enough common variance with the other subtests to be 
included in any of the factors. Therefore, SI and PC were 
dropped from the analysis.
When SI, PC, and PA were dropped from the analysis a 
3-factor solution was still indicated by the 
eigenvalue-greater-than-1 criterion (see Table 80) and a 1- 
or 4-factor by the scree plot (see Figure 15). The 
communalities for the 1-factor solution (BD, .05 and COD, 
.03) indicated that this was not a satisfactory solution 
(see Appendix G, p. 481). In the 2-factor solution the 
communality for COD was .09 and three other communalities 
were below .20. A number of communalities for the 3-factor 
solution were below .30 and that of COD was .15. All 
communalities were above .30 in the 4-factor solution. The 
3- to 4-Factor solutions are presented in Table 81. The 
Structure Matrix is found in Table 82.
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TABLE 7 8
COMMUNALITIES OF VARIABLES AFTER EXTRACTION 
OF DIFFERENT NUMBER OF FACTORS, IQ 70-84 PFA
# IN SI AR VO CO DS PC BD OA COD
Init .23 .10 . 17 .35 .24 .20 . 10 . 15 .24 . 11
1 .30 .11 . 14 .42 .22 . 14 . 11 .06 . 19 .03
2 .30 . 12 .22 .51 .24 .44 . 11 . 10 . 18 . 14
3 .27 .12 .21 .65 .30 .50 . 12 .23 .68 . 15
4 .33 . 12 .48 .67 .34 .39 . 12 .26 .61 .33
TABLE 7 9
HIGHEST LOADINGS OF EACH VARIABLE 
WHEN DIFFERENT NUMBER OF FACTORS 
WERE EXTRACTED, IQ 70-84 PFA
4.T IN SI AR VO CO DS PC BD OA COD
1 .55 .34 .38 .65 .47 .38 .34 .24 .44 . 17
2 .51 .35 .41 .72 .48 .65 .23 .33 .36 00CO
3 .44 .31 .40 .81 .57 .67 . 19 .46 .76 .39
4 .32 .23 .70 .82 . 61 .45 . 19 .51 . 74 .57
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TABLE 80
INITIAL STATISTICS, IQ 70-84, WITHOUT PA, PC, SI






IN .22978 1 2.23825 28.0 28.0
AR . 15813 2 1.28507 16 .1 44.0
VO .32380 3 1.19274 14.9 59.0
CO .23322 4 .95567 11.9 70.9
DS . 19507 5 .64373 8.0 78.9
BD .15167 6 .62307 7 . 8 86.7
OA .21632 7 .59606 7.5 94.2
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Figure 15. Scree plot, IQ 70-84.
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
220
TABLE 81
MEANS AMD STANDARD DEVIATIONS OP SCALE SCORES, 
THREE ROTATED SOLUTIONS AND COMMONALITIES, 
PFA, OBLIMIN, IQ 70-84
3-Factor 4-Factor
Solution Solution
VAR M SD* 1 2 3 h« 1 2 3 4 h*
IN 5.5 4.4 .42 -.15 -.11 .27 .26 -. io -.18 -.41 .38
AR 6.3 4.0 .13 .00 -.39 .20 -.05 .05 .02 -.62 .38
VO 6.2 4.4 .81 -.OS .03 .66 .75 1 o at -.07 -.04 .61
CO 6.8 3.2 .56 .02 -.01 .31 .63 .05 .03 .06 .37
OS 6.1 5.8 .17 .18 -. 67 .52 .20 •1Z .14 '•11 .38
ED 6.5 6.3 GOO1 .48 -.12 .24 -.06 .01 .57 -.12 .32
OA 7.5 5.8 .00 . 72 .23 .63 • OS -.13 .64 .20 .50
COD 7.0 6.8 t H* o -.09 -.38 .15 -.01 .62 -.10 .03 .39
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
221
TABLE 82
THE 3- AND 4-FACTOR STRUCTURE SOLUTIONS, 
IQ 70-84, AGES 8-12
3-Factor 4-Factor
Solution Solution
Variable 1 2 3 1 2 3 4
IN .48 -.26 -.24 .45 -.05 -.29 -.48
AR .23 -.09 -.43 . 18 .20 -.05 -.61
VO .81 -.22 -.18 .78 .01 -.27 -.32
CO .55 -.10 -.15 .60 .08 -.13 -.19
DS .30 .04 -.69 .30 .46 .03 -.47
BD -.16 .48 -.02 -.14 .02 .56 -.04
OA -.21 .76 .34 -.19 -.20 .66 .29
COD .01 -.12 -.37 .04 .61 -.11 -.13
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These results indicate that at this IQ range a number 
of subtests (namely PA, SI, and PC) do not share enough 
variance to be included in a factor analysis. They can, 
therefore, be regarded as specific or unique factors. A
4-factor solution was necessary to define the data. VO and 
CO formed Factor 1; COD and DS, Factor 2; BD and OA, Factor 
3; and IN and AR forming Factor 4. DS was split between 
Factors 2 and 4. In the Structure Matrix DS shows equal 
relationship with both Factors 2 and 4.
IQ 85-99
Examination of the Correlation 
Matrix
All KMOs were above .50 for this sample. The 
identity matrix hypothesis was rejected (see Appendix G, 
p . 484 ) .
Results of the Factor Analysis
Appendix G (p. 485) contains the initial statistics 
and the scree plot. Both indicate a 3-factor solution. 
Tables 83 and 84 present the initial and final 
communalities and factor loadings after extraction of 
different number of factors. Tables 83 and 84 show that PC 
and PA do not share enough common variance to be included 
in the factor analysis. Appendix G (p. 487) contains the 
3-factor solution results with PC and PA included. PC and 
PA were dropped from the final analysis.
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TABLE 83
COMMUNALITY OF VARIABLES AFTER EXTRACTION 
OF DIFFERENT NUMBER OF FACTORS,
IQ 85-99
IN SI AR VO CO DS PC PA BD OA COD
. 17 . 18 . 13 .29 .20 .11 .05 .09 . 12 .23 .13
.22 .23 .03 .44 . 18 .07 .02 .02 .07 . 18 .01
.21 .22 .33 .49 .24 .18 .05 . 11 .08 . 18 .09
.21 .23 .32 .48 .23 .20 .07 . 15 .20 .61 .23
.28 .30 .30 .46 .50 .21 .08 .15 .23 .56 .30
TABLE 84
HIGHEST LOADINGS OF EACH VARIABLE 
WHEN DIFFERENT NUMBER OF FACTORS 
WERE EXTRACTED, IQ 85-99
# IN SI AR VO CO DS PC PA BD OA COD
1 .47 .47 .18 .66 .43 .26 . 13 .14 .26 .42 . 12
2 .40 .46 .58 .69 .49 .40 .20 .33 .29 .34 .24
3 .39 .45 .55 .60 .48 .42 .23 .38 .38 .74 .39
4 .44 .48 .54 .51 .75 .43 .23 .39 .42 .70 .42
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The analysis done without PC and PA resulted in the 
eigenvalue-greater-than-1 criterion indicating a 3-factor 
solution (Table 85). The scree plot (Figure 16) shows a
2-factor solution.
One factor explained only 24% of the variance; two 
factors, 39%; and three factors explained 53%. The 
Reproduced Correlation Matrix resulted in 16% of the 
residuals (6) being above .05 when three factors were 
extracted and none of the residuals was above .10 (see 
Appendix G, p. 490).
Four communalities were below .10 when one factor was 
extracted, two were below .10 when two were extracted, and 
none were below .10 when three were extracted, but most 
were around .2 (see Table 86). A 4-factor solution showed 
good improvement for CO (from .24 to .55). Four 
communalities still did not meet the criterion of .30, 
after a 4-factor solution.
In the 3-factor solution, all variables except VO,
DS, and OA, had communalities that did not meet criterion 
(see Table 87). Dropping all these variables and 
proceeding with factor analysis does not make sense (not 
enough variables to analyze). Therefore, the results were 
interpreted.
The 3-factor solution resulted in IN, VO, CO, SI, and 
COD (COD had a negative loading) forming the first factor;
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TABLE 85 
INITIAL STATISTICS, IQ 85-99






IN .16257 1 2.18974 24.3 24 .3
SI .16742 2 1.30737 14 .5 38.9
AR .09087 3 1.23511 13.7 52.6
VO .29089 4 .95869 10.7 63.2
CO .20288 5 .77817 8.6 71.9
DS .11126 6 .73668 8.2 80. 1
BD . 12058 7 .68907 7.7 87.7
OA .20959 8 .59501 6.6 94.3
COD .10831 9 .51016 5.7 100.0
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Figure 16. Scree plot, IQ 85-99.
TABLE 86
FINAL COMMUNALITIES OF VARIABLES AFTER EXTRACTION 
OF DIFFERENT NUMBER OF FACTORS,
IQ 85-99, PA AND PC REMOVED
# IN SI AR VO CO DS BD OA COD
1 .21 .22 .02 .46 .20 .06 .07 .16 .02
2 .20 .23 .03 .50 .22 . 05 . 13 .63 .18
3 .21 .22 .24 .49 .24 .31 .20 .63 .19
4 .28 .31 .22 .44 .55 .34 .21 .56 .26
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TABLE 87
KEANS AND STANDARD DEVIATIONS OF SCALE SCORES, 
THREE ROTATED SOLUTIONS AND COHKUHALITISS 
PFA, OBLIMIH, IQ 85-99
3-Factor 4-Factor
Solution Solution
VAR H SD* I 2 3 h* I 2 3 4 h*
IN 7.7 4.0 .35 -.11 .19 .21 .41 -.16 .20 -.01 .29
SI 9.1 4.8 .43 -.10 .06 .22 .49 -.15 .05 .03 .31
AR 8.0 4.0 -.03 n 1 . 5n .24 .01 .01 .47 _ AC A A • A A
VO 3.6 4.0 .45 -.11 .10 .49 .24 -.12 .12 .46 .44
CO 8.5 3.6 .47 -.08 -.02 .24 -.07 -.01 -.02 .76 .55
D S 7.4 5.3 .10 .06 • 5S .31 .01 .07 .57 .10 .34
3D 8.9 5.3 -.10 .42 .13 .20 1 O .45 .13 -.03 .21
OA 9.7 5.3 -.03 .76 -.10 .63 .05 .71 -.10 -.08 .56
COD 8.7 6.3 -.40 -.24 .11 .19 -.44 -.24 .13 -.08 .26
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TABLE 88
THE 3- AND 4-FACTOR STRUCTURE SOLUTIONS, 






1 2 3 1 2 3 4
IN .39 -.21 .25 .45 -.26 .27 .21
SI .53 -.25 .13 .53 -.25 .13 .27
AR .02 -.07 . 49 .04 -.07 .47 -.01
VO 00VO -.26 . 19 .46 -.27 .21 .59
CO .48 -.17 .04 .24 -.15 .04 .74
DS .15 1 o o\ .55 . 10 -.06 .57 .13
BD .17 .41 .04 -.14 .44 .04 -.14
OA .20 .79 -.24 -.11 .74 -.24 -.21
COD .34 . 18 . 11 -.42 -.18 . 12 o<N1
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OA and BD forming the second factor, and AR and DS, the 
third.
The 4-factor solution resulted in IN, SI, and COD 
forming Factor 1; BD and OA, Factor 2; AR and DS, Factor 3; 
and CO and VO, Factor 4. All loadings were above .40 and 
all communalities were above .20. Tables 87 and 88 present 
the 3- and 4-factor solutions. The 1- and 2-factor 
solutions are found in Appendix G, pp. 488, 489 ).
Considering the improvement in the communality for 
the 4-factor solution over the 3-factor, the 4-factor is 
probably the better fit.
However, the low communalities for most variables in 
all solutions plus the low initial communalities would 
suggest that this correlation matrix was very poor for 
factor analysis. This means that the relationships between 
variables is very minor at this IQ range.
IQ 100-114
Examination of the Correlation 
Matrix
The KMO for COD was .47 for this sample. When COD 
was dropped all KMOs were above .55. Appendix G contains 
the printout for this analysis. The identity matrix 
hypothesis was rejected. Correlations ranged from .00 to 
.29 (see Appendix G, pp. 491, 492).
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Results of the Factor Analysis 
Number of factors
The eigenvalue-greater-than-1 criterion and the scree 
plot indicated a 4-factor solution (see Appendix G, 
p. 493) .
The Reproduced Correlation Matrix resulted in 15% (7) 
of the residuals being above .05 when three factors were 
extracted and 4% (2) being above .05 when four factors were
extracted (Appendix G, pp. 495, 496). None of the
residuals was above .10 when three factors were extracted.
Three factors explained 46% of the variance and four 
factors explained 56% of the variance.
Table 89 presents the initial and final communalities 
when PFA was performed. As can be noted the squared 
multiple correlations between each variable and all other 
variables (initial estimate of communality) were very low. 
This indicated that the data set was very poor for factor
analysis. This was also evident in the number of KMO
values in the "mediocre" (60s) and "miserable" ranges (see 
Appendix G, p. 492).
A study of Tables 89 and 90 indicates that even after 
three or four factors were extracted, DS, PC, and PA had 
both low loadings and low communalities. Following the 
suggestions of Norusis (1986), COD (low KMO), DS, PC, and 
PA were dropped.
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TABLE 89
COMMUNALITIES OF VARIABLES AFTER EXTRACTION 
OF DIFFERENT NUMBER OF FACTORS,
IQ 100-114, PFA SOLUTION
% IN SI AR VO CO DS PC PA BD OA
Init . 17 . 18 . 11 .23 . 15 .06 .08 .06 . 16 .19
1 .22 .25 .05 .35 .15 .02 .09 .06 . 12 . 19
2 .21 .26 .63 .40 .18 .05 .09 .06 . 12 .20
3 .24 .27 .57 .43 .18 .07 .09 .09 . 63 .26
4 .32 .31 .50 .37 .53 . 10 .09 .09 .56 .28
HIGHEST
TABLE 90
LOADINGS OF EACH VARIABLE WHEN DIFFERENT 
NUMBER OF FACTORS WERE EXTRACTED,
IQ 100-114, PFA, OBLIMIN
# IN SI AR VO CO DS PC PA BD OA
1 .46 .50 .22 .59 .39 . 16 .30 .25 .35 .44
2 .41 .52 .82 .65 .45 . 19 .26 .23 .36 .35
3 .44 .51 .78 .67 .39 . 19 .22 .30 .79 .37
4 .59 .57 .71 .50 .70 .26 .21 .23 .74 .40
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When COD, PC, PA, and DS are removed the eigenvalue- 
greater-than-1 criterion indicates a 3-factor solution and 
the scree plot: indicates a 1- or 5-factor solution (see 
Appendix G, p. 496, 497). In the 1-factor solution the 
loading for AR was low (.17) and the communality for AR was 
.03. In the 3-factor solution the loading for AR was below 
.30 and the final communality was .10 (Appendix G, pp.
497, 498). This indicated that when COD, PC, PA, and DS 
were removed AR did not have enough common variance with 
the factors to be included with the identified factors.
When AR was removed, the eigenvalue-greater-than-1 
criterion resulted in a 2-factor solution and the scree 
Plot showed a 1-factor solution (see Table 91 and Figure 
17) .
Factor solution
Tables 92 and 93 present the Pattern and Structure 
Matrices. The 1-factor solution had all loadings .39 and 
above with relatively low communalities (.15 to .26) except 
for VO ( .35) .
The 2-factor solution resulted in a Verbal/ 
Performance split, but communalities remained low, except 
for VO (.39) and BD (.56). The 3-factor solution resulted 
in better communalities for all variables and all loadings 
were above .40. However, CO formed the third factor with 
VO having a .30 loading. VO had a .42 loading on Factor 1.
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TABLE 91
INITIAL STATISTICS, IQ 100-114






IN .14628 1 2.06883 34.5 34.5
SI .16657 2 1.04049 17.3 51.8
VO .21184 3 .93113 15.5 67 .3
CO .12690 4 .70652 11.8 79 .1
BD .14143 5 .65324 10.9 90.0
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S
.000             -
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Figure 17. Scree plot, IQ 100-114.
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TABLE 9 2
HEADS AND STANDARD DEVIATIONS OF SCALE SCORES, 
THREE ROTATED SOLUTIONS AND COMKUKALITIBS, 







VAR H SD* 1 !)* 1 2 h« 1 2 2
IN 9.6 4.0 .43 .19 .51 .06 .23 64 .00 -.10 .38
SI 11.5 4.0 .51 .26 .54 .00 .29 .46 -.05 .11 .28
VO 10.7 4.0 .59 .35 .62 -.01 .39 .42 -.03 -JO .37
CO 11.3 4.4 .40 .16 .29 -.15 .15 .01 -.04 .63 .42
3D 11.5 6.3 -.39 .15 .08 .77 .56 .09 .61 -.07 .37
OA 7.5 5.S -.44 .19 -.19 .36 .23 .12 .54 .07 .33
TABLE 93
THE 2- AND 3-
IQ






Variable 1 2 1 2 3
Information .48 -.18 .61 -.23 .12
Similarities .54 -.24 .51 -.28 .28
Vocabulary .63 -.30 .53 -.32 .45
Comprehension .36 -.28 .24 -.28 .65
Bloclc Design -.28 .74 -.19 .60 -.28
Object Assembly -.35 .45 -.32 .56 -.18
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Again, these results illustrate how little common 
variance there was among these subtests when narrow IQ 
ranges were considered. The best results for this data set 
were two common factors; Factor 1 being IN, VO, SI, and 
Factor 2 being OA and BD and six unique factors (AR, CO,
DS, PA, PC, and COD).
IQ 115-129
The KMO for PA was .45 and for COD was .47 for this 
sample (see Appendix G, p. 502). When PA and COD were 
dropped, all XMOs were above .50. The identity matrix 
hypothesis was rejected. Correlations ranged from .00 to 
.39 (see Appendix G, pp. 501, 502).
Results of the Factor Analysis 
Number of factors
Tables 94 and 95 present the initial and final 
communalities and factor loadings after extraction of 
different number of factors.
The eigenvalue-greater-than-1 criterion indicates a
3-factor solution (see Appendix G, p. 503). The scree plot 
shows a 4-factor solution was appropriate (see Appendix G, 
p. 504). The Reproduced Correlation Matrix resulted in 2% 
(1) of the residuals being above .05 when four factors were 
extracted. In the 4-factor solution PC formed the fourth 
factor (see Appendix G, pp. 505, 506).
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TABLE 94
COMMUNALITIES OF VARIABLES AFTER EXTRACTION 
OF DIFFERENT NUMBER OF FACTORS,
IQ 115-129, PFA
4 IN SI AR VO CO DS PC BD OA
Init.17 .17 . 14 .34 .21 . 10 . 08 . 15 .25
1 .20 .19 .03 .52 .28 .02 . 07 . 12 .31
2 .20 .22 .45 .51 .29 . 17 . 09 . 18 .31
3 .23 .23 .64 .63 .28 .16 .09 .35 .42
4 .27 .25 .61 .60 .29 . 16 .27 .35 .42
TABLE 95
HIGHEST LOADINGS OF EACH VARIABLE 
WHEN DIFFERENT NUMBER OF FACTORS 
WERE EXTRACTED, IQ 115-129, PFA
# IN SI AR VO CO DS PC BD OA
1 .44 .44 . 16 .72 .53 .15 .27 .35 .56
2 .41 .48 .68 .69 .55 .41 .22 .42 .53
3 .47 .48 .83 .78 .38 .33 .18 .58 .52
4 .52 .42 .79 .71 .38 .31 .50 .50 .57
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The above results taken together suggest that the 
best factor solution for this data set is a 3-factor 
solution. However, DS and PC had very low communalities 
and were dropped from the analysis. Although there were 
other variables with low communalities (IN, SI, and CO), in 
the interest of having some variables to analyze and the 
fact that the communalities were close to .3, these 
variables were retained. When DS, PC, PA, and COD were 
dropped, the KMO for AR dropped to .47. Thus AR was also 
removed.
The eigenvalue criterion indicated a 2-factor 
solution (see Table 96), whereas the scree suggested a
1-factor solution (see Figure 18). The Reproduced 
Correlation Matrix had one correlation above .10 when one 
factor was extracted and had none above .05 when two 
factors were extracted (see Appendix G, p. 508).
The communality for BD was only .14 when one factor 
was extracted (see Table 97). This improved to .42 after 
two factors were extracted. The communalities for IN and 
SI did not reach criterion (.30), even after three factors 
were extracted. They were, however, probably close enough 
to be accepted when a narrow IQ range is being considered.
A 2-factor solution was therefore most appropriate.
Factor solution
Tables 97 and 98 present the factor solution. The 
Verbal subtests (IN, SI, VO, and CO) formed the first
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TABLE 96
INITIAL STATISTICS, IQ 115-129






IN .16195 1 2.32697 38.8 38. 8
SI . 15543 2 1.00711 16 .8 55.6
VO .32550 3 .78476 13.1 68.6
CO .20816 4 .70906 11.8 80.5
BD .13755 5 .65127 10.9 91.3
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Figure 18. Scree plot, IQ 115-129
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TABLE 97
KEANS AND STANDARD DEVIATIONS OF SCALE SCORES, 
THREE ROTATED SOLUTIONS AND COMMONALITIES, 










h*- 1 2 1 2 3
IN 12. 4 3 .6 .44 .20 .52 .07 .24 . 4 6 .10 .08 .24
SI 14.4 5.3 .45 .20 . 4 4 -.03 .21 .03 -.05 .50 .29
v o 13.8 4.8 .71 .51 .79 .02 .62 . 6 5 .05 .18 .60
CO 13.2 4.8 .54 .30 . 3 7 - . 2 4 .28 . 4 9 -.18 -.05 .30
BD 13.4 5.3 -.37 . 1 4 .05 . 6 8 .42 .02 . 6 5 -.07 . 4 4
OA 12.7 6.a -.54 . 2 9 -.28 . 3 8 .33 ■ H • J J -.05 .33
TABLE 9 8
THE 2- AND 3-FACTOR STRUCTURE SOLUTIONS, 








Information .49 -.17 .48 -.11 .40
Similarities .46 -.24 .43 -.18 .54
Vocabulary .79 -.35 .76 -.26 .65
Comprehens ion .49 -.42 .52 -.37 .36
Block: Design -.26 .65 -.29 .66 -.20
Object Assembly -.46 .52 -.48 .47 -.36
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factor, and BD and OA formed the second factor. It must, 
however, be remembered that AR, DS, PC, PA, and COD were 
not included in the analysis. OA was about equally 
correlated with both factors. It was also possible to 
interpret the little common variance found at this IQ range 
to be general-factor variance, with each variable having a 
lot of specific variance. This is evidenced by the 
correlations of a number of variables with more than one 
factor and the 1-factor loadings.
IQ 130-144
A number of variables had low KMOs in this data set: 
CO (.44), PC (.42), AR (.48,) PA (.42), OA (.48), and COD 
(.48) (see Appendix G, p. 509).
When CO was dropped PC, PA, and OA had low KMOs.
When CO and PA were dropped, PC had low KMO (see Appendix 
G, pp. 510, 511). Factor analysis was carried out on the 
data set, excluding CO, PC, and PA.
Results of the Factor Analysis
Eight variables were factor analyzed when PA, PC, and 
CO were dropped. The eigenvalue-greater-than-1 criterion 
indicated a 3-factor solution (see Table 99). The scree 
plot showed a slight break after five eigenvalues were 
plotted (see Figure 19). Twenty-one percent (6) of the 
residuals were above .05 when two factors were extracted;
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TABLE 99 
INITIAL STATISTICS IQ 130-144






IN .18889 1 1.85211 23.2 23.2
SI .10024 2 1.36567 17. 1 40.2
AR .09764 3 1.08716 13.6 53.8
VO .13988 4 .89187 11.1 65.0
DS .11875 5 .79150 9.9 74.9
3D .10170 6 .76269 9.5 84.4
OA .10958 7 .65151 8.1 92.5


















.000          ■     -
1 2 3 4 5 6 7 8
Figure 19. Scree plot, IQ 130-144.
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none were above .10. Three percent (1) was above .05 when 
three factors were extracted (see Appendix G, p. 513).
The initial and final communalities and factor 
loadings for different number of factors are presented in 
Tables 100 and 101. Although the communalities were low, 
all the evidence seemed to indicate that the 2-factor 
solution was adequate to explain the common variance of the 
eight variables.
Factor solution
The solutions are presented in Tables 102 and 103. 
Only OA was served by going beyond a 2-factor solution.
This probably means that OA is a specific factor. This is 
seen in Table 103, where the correlations between OA and 
the factors are small except when it is the major variable 
defining the factor.
The solution at this IQ range is probably no major 
common factors, each specific test being a unique factor.
A number of the communalities for variables retained were 
quite low (SI, AR, VO, BD, and COD were below criterion). 
The only three subtests with acceptable communalities were 
IN, DS, and OA. These can be regarded as forming minor 
factors, with other subtests contributing some variance.
It should be noted that Coding had a negative loading on 
the minor factor formed by Information, Similarities, and 
Vocabulary.
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TABLE 100
COMMUNALITIES OF VARIABLES AFTER EXTRACTION 
OF DIFFERENT NUMBER OF FACTORS 
IQ 130-144, PFA
# IN SI AR VO DS BD OA COD
Init.19 . 10 . 10 . 14 . 12 . 10 .11 . 10
1 .34 .13 .03 .25 .04 . 12 .08 .06
2 .33 .20 . 17 .24 .38 .13 .10 .15
3 .48 .18 . 18 .21 .38 . 18 .49 .19
TABLE 101
HIGHEST LOADINGS OF EACH VARIABLE 
WHEN DIFFERENT NUMBER OF FACTORS 
WERE EXTRACTED, IQ 130-144, PFA
# IN SI AR VO DS BD OA COD
1 .58 .43 .13 .47 .20 . 39 .30 .23
2 .52 .45 .41 .41 .63 .36 .25 .38
3 .65 .35 .42 .32 .61 .32 .70 .43
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TABLE 1 0 2
KEANS AND STANDARD DEVIATIONS OP SCALE SCORES, 
THREE ROTATED SOLUTIONS AND COMMONALITIES, 










1 2 2 3 h*
IN 14.0 3.2 .58 .34 .52 . 18 .33 .65 .27 .05 .48
SI 16 .4 4.8 .36 .13 .45 -.06 .20 .35 -.09 -.16 .18
AR 14.2 4.0 .18 .03 -.02 .41 .17 .01 .42 -.01 .18
VO 15.8 3.2 .50 .25 .41 .21 .24 .32 .18 -.18 .21
OS 11.9 7.8 .20 .04 -.07 .63 .38 -.02 .61 -.01 .37
BD 15.4 4.8 -.34 .12 -.36 -.01 . 13 -.21 .09 .31 .18
OA 14.3 6.3 -.29 .08 -.17 -.25 .10 .13 -.10 .70 .49
COD 13.3 6.8 -.24 .06 -.38 .17 .15 -.43 .10 -.09 .19
TABLE 103
THE 2- AND 3-FACTOR STRUCTURE SOLOTIOHS, 






I 2 1 2 3
Information .55 .26 .64 .27 -.18
Similarities .44 .01 .39 -.05 -.24
Arithmetic .04 .41 .02 .42 -.09
Vocabulary .44 .28 .37 .21 1 1*1 o
Digit Span .03 .62 -.01 .61 -.12
Block Design -.36 -.07 -.30 .02 .36
Object Assembly -.21 -.27 -.06 -.22 .68
Coding -.35 .11 -.40 .12 .01
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The 5-factor solution illustrates the no-factor 
solution very well (see Appendix G, pp. 513, 514). After 
five factors were extracted, IN and VO, AR and DS, OA, COD,
and BD formed the five factors. SI did not load acceptably
with any factor, and VO and DS also had borderline 
communalities (also remember VO was one of the major 
contributors to a factor). This correlation matrix was 
definitely not acceptable for factor analysis. This might 
have some implications about scores of individuals at this 
IQ range. These are discussed in the next chapter.
Question 8
What is the factor structure of the WISC-R subtest 
scores for referred students with full-scale IQs between 
115 and 129?
The results for this question are included under
Question 7, since this IQ range was one of the ranges
chosen for comparison. Please see Question 7 beginning at 
page 235.
Question 9
What is the factor structure of the WISC-R subtest 
scores for referred students with full-scale IQs above 129?
The results for this question are included under 
Question 7 since this IQ range was one of the ranges 
investigated. The results are found under IQ 130-144, 
beginning at page 240.
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Question 10
What is the factor structure of the WISC-R when the 
analysis is done without Digit Span (DS) for the groups in 
Questions 1, 5, and 8?
Results of the Factor Analysis 
The results for the groups in Question 1 and Question 
5 without DS were the same as the results with DS, except 
of course, DS was missing from the factor with which it was 
included. It must be remembered that the only range in 
which DS was included in Question 5 was the one IQ below 
80. The analysis was not run for Question 8 since DS was 
removed in that solution.
Summary of Results 
Tables 104 and 105 summarize the results of all the 
analyses in terms of broad IQ ranges and narrower IQ 
ranges. As can be seen from the tables, the broad IQ 
ranges produced a general factor. Minor factors did appear 
but there was some doubt as to whether these should be 
interpreted because all the variables were correlated with 
them. Since minor factors were only defined by the Pattern 
Matrix, these are presented in Table 104 for those who 
insist that the Pattern Matrix has meaning by itself. When 
a 2-factor solution was obtained, the Verbal subtests, 
Coding and Picture Arrangement had acceptable loadings on 
Factor 1. The Performance subtests with the exception of
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Coding loaded on the second factor. In the table the first 
factor is referred to as a general factor, because it was 
defined by more than the Verbal subtests. The second 
factor resembles the Perceptual Organization factor. The 
third factor was not included in the table, although it did 
appear when a 3-factor solution was attempted. The third 
factor was not reported for a number of reasons:
1. In 6 out of 10 samples a 1-factor solution was 
indicated by all criteria. Thus, a 2-factor solution was 
overfactorization.
2. There was no instance when a 3-factor solution 
was indicated.
3. In six samples, after two factors were extracted, 
none of the residuals were above .10. This means that very 
small correlation coefficients had to be factor analyzed to 
produce a third factor. At four age levels the 
correlations between AR and DS ranged from .11 to .14.
4. In six samples, Arithmetic was the highest 
loading subtest. Three times Digit Span was the highest 
loading subtest, and four times Coding was dropped from the 
analysis because of low communality. All the evidence 
indicated that a third factor appeared because of
overfactorization. Coding, Digit Span, and Arithmetic were 
not always included in this factor when it appeared, and 
the major defining subtest was not always the same. 
Sometimes it was Digit Span; sometimes, Arithmetic. These
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results, therefore, lend little support to the concept of a 
third factor, as has been proposed in Kaufman's (19 75) 
study.
As the IQ ranges narrowed to 40 IQ points, two 
factors appeared, one major and one minor. These factors 
cannot be called Verbal and Performance because three 
Performance scale scores did not have enough common 
variance with the factors, even after three or four factors 
were extracted, to remain in the analyses. The first 
factor was called Verbal Comprehension if it included 
Vocabulary and Comprehension. It was called Verbal if it 
included other verbal subtests. The second factor was 
named Spatial because it was formed by Object Assembly and 
Block Design. According to Sattler (1988), these subtests 
together measure a spatial component.
At the narrowest IQ ranges, the lower IQ ranges 
produced more common variance. Therefore, there were more 
factors. At the highest IQ ranges, the small amount of 
common variance seemed to be shared by most of the 
variables. Picture Arrangement and Picture Completion 
consistently did not have enough common variance with each 
other or with the other subtests to remain in the analyses. 
Digit Span, Coding, and Arithmetic were unique factors 
above IQ 99.
At IQ range 70-84 Arithmetic loaded with Information 
and to a lesser extent with Digit Span. Therefore, Digit
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Span was split between the factor formed by Arithmetic and 
that formed by Coding. At IQ range 85-99, Arithmetic 
loaded with Digit Span, and Coding loaded with Similarities 
and Information (Coding had a negative relationship). This 
evidence seems to suggest that Arithmetic and Digit Span 
have a stronger relationship than Arithmetic and Coding.
It is quite possible that these three subtests load on the 
same factor when the matrix is overfactored, at wider IQ 
ranges, due to some relationship between Coding and Digit 
Span and some relationship between Arithmetic and Digit 
Span. These relationships are, however, not very strong as 
evidenced by the number of times each subtest forms a 
unique factor at narrow IQ ranges and the small residual 
correlations between them after two factors were extracted 
at wide IQ ranges.
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TABLE 104
SUMMARY OF FACTOR STRUCTURE FOR BROAD IQ RANGES
Groups Major Factors Minor Factors Unique Factors
Large 1-General 1-PO PA, COD
Age 6 1-General 1-PO COD
Age 7 2-VC, PO COD
Age 8 1-General 1-PO
Age 9 1-General 1-SP
Age 10 1-General 1-PO
Age 11 2-General, PO
Age 12 2-General, PO
Coding A 2-General, PO COD
Coding B 1-General 1-PO
Note: VC, Verbal Comprehension; PO, Perceptual 
Organization; FD, Freedom from Distractibility; AK,
Acquired Knowledge; G, General; SP, Spatial; SEQ, 
Sequential; V, Verbal; AM, Auditory Memory
Major Factor=3 or more substantial loadings & eigenvalue >1 
Minor Factor=<3 loadings, eigenvalue >1 or >2 loadings, but 
eigenvalue <1
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
251 
TABLE 105
SUMMARY OF FACTOR STRUCTURE FOR NARROWER RANGES
Groups Major Factors Minor Factors Unique Factors
Below IQ 80 1-VC 1-SP PA, COD, PC, SI








1-VC 1-SP PA, PC, COD, 
DS, AR
IQ 70-84 4-VC, SEQ, 
SP, AK
PA, PC, SI
IQ 85-99 1-V 2-SP, AM PA, PC
IQ 100-114 1-VC 1-SP PA, PC, COD, 
CO, DS, AR
IQ 115-129 1-VC 1-SP PA, PC, COD, 
DS, AR, BD
IQ 130-144 1-V * 2-SEQ, SP * PA, PC, CO, 
COD, SI, AR, 
VO
* A number of these variables had low connnunalities. Only 
IN, DS and OA had acceptable connnunalities.
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CHAPTER V
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS
This chapter presents a summary of the study, 
discussion and implications of the findings, and 
recommendations for further research. The summary briefly 
describes the problem statement, the purpose of the study, 
review of the literature, methodology, and findings. The 
conclusions and recommendations are presented in relation 
to the findings.
Problem Statement 
This study addressed the problem of inconsistency in 
the results of factor-analytic studies of the WISC-R by 
performing analyses where age and size of Full Scale IQ 
ranges were held constant, and by using adequate sample 
sizes.
Purpose of the Study 
The purpose of the study was to investigate the 
factor structure of the WISC-R when Full Scale IQ scores 
fall within restricted ranges. Other analyses were carried 
out to investigate the structure at wider ranges for this 
data set.
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Review of the Literature 
The Wechsler Intelligence Scale for Children-Revised 
(WISC-R) was published in 1974. The WISC-R covers ages 6 
years, 0 months, 0 days to 16 years, 11 months, 30 days.
The WISC-R is composed of 12 subtests. These subtests are 
Information, Similarities, Arithmetic, Vocabulary, 
Comprehension, Digit Span, Picture Completion, Picture 
Arrangement, Block Design, Object Assembly, Coding, and 
Hazes. Digit Span and Mazes are not included in the 
calculation of the IQ scores.
Since its publication the WISC-R has been widely 
applied in practice, and has been an object of extensive 
research (for reviews see Kaufman, 1979a, 1981;
Quattriocchi & Sherrets, 1980). One topic in these studies 
has been the factor structure of the test. Kaufman (1975) 
factor analyzed the standardization samples and derived a 
median factor-loading matrix for these samples. In a large 
number of studies, the WISC-R factorial structure was 
investigated for groups of children who deviate in various 
ways from the standardization samples and their solutions 
were compared mostly with Kaufman's median factor loadings 
(e.g., Geary & Whiteworth, 1988; Greenberg, et al., 1986; 
Reschly, 1978).
Factor studies have generally reported either a 2- or 
3-factor solution. In the 2-factor solutions, the pattern 
of loadings for the first factor typically has shown the
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highest loadings by the five regularly administered Verbal 
Scale subtests of the WISC-R. The Performance Scale 
subtests, with the exception of Coding, have been found to 
load high on the second factor. The 3-factor solutions 
have typically found the third factor to be composed of the 
Arithmetic, Digit Span and Coding subtests (Gutkin & 
Reynolds, 1981; Reschly, 1978; Shiek & Miller, 1978).
A number of studies (e.g., Karnes & Brown, 1980; 
Macmann, et al., 1991; O'Grady, 1989; Peterson & Hart, 
1979; Van Hagen & Kaufman, 19 75) have found factor 
structures different from the reported 2- and 3-factor 
solutions. One of the authors of these studies (O'Grady), 
after reevaluating the factor structure underlying the 
standardization sample and 11 data samples previously 
reported in the literature, reached the following 
conclusions:
1. There was a decided rejection of the orthogonal
2- and 3-factor models.
2. The oblique models were a better fit. However, 
the results indicated that it is problematic to conclude 
which, if any, of the models would be the most reasonable. 
The results of his analysis suggested that some model 
beyond a single-factor model would fit the data better than 
a single model. Yet the 2- or 3-factor model did not fit 
the data best. He was not able to arrive at a model that 
was most satisfactory, but favored a 1-factor model.
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His reasoning was that the oblique 2-factor model not only 
does not fit the data substantially better than a 
single-factor model, but also contains some degree of 
misspecification.
3. The small size of the increments in the 
psychometric indices of fit associated with the inclusion 
of the third factor, in both the normative sample and the 
validation samples, suggests that Freedom from 
Distractibility may have emerged as a factor in many cases 
due to overfactoring.
4. The rejection of several models in the validation 
samples due to improper parameter estimates strongly 
suggests that some considerable portion of factor-analytic 
research with the WISC-R has drawn samples of such small 
size that extremely unstable factor solutions have 
resulted.
Sample size was a big issue in the literature. 
Guadagnoli and Velicer (1988), in a study of the relation 
of sample size to the stability of component patterns, 
found "that component saturation was the major factor in 
determining comparability between sample and population 
component patterns. At the lowest component saturation 
level used (.40), the effect of sample size and the number 
of variables per component became most evident" (p. 274). 
Guadagnoli and Velicer suggest that when many variables (10 
or more) are thought to represent a particular component
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and priori estimate of saturation level is difficult, a
sample size of 150 observations should be sufficient to
obtain an accurate solution. They further, suggested that:
Following an analysis, the component pattern itself can 
be assessed with respect to the number of variables 
defining a component and with respect to the magnitude 
of component loadings. If components possess four or 
more variables with loadings above .60, the pattern may 
be interpreted whatever the sample size used.
Similarly, a pattern composed of many variables per 
component (10 to 12) but low loadings (a13 = .40) 
should be an accurate solution at all but the lowest 
sample sizes (N < 150). If a solution possesses 
components with only a few variables per component and 
low component loadings, the pattern should not be 
interpreted unless a sample size of 300 or more 
observations has been used. Replication is strongly 
suggested if these conditions occur when the sample 
size is fewer than 300 observations, (p. 274)
In a meta-analysis study of the WISC-R by Mueller et 
al. (1986), of 119 samples only 13 had N's larger than 200, 
and 30 had N's larger than 100. The sample size criterion 
established by Guadagnoli and Velicer (1988) was not met in 
a number of the studies reviewed in the literature. 
Specifically, a number of the studies that found 
differences from Kaufman's (1975) results were done with 
small sample sizes.
Another issue that appeared in the literature was the 
differences found at different age ranges of samples (Groff 
& Hubble, 1982). Groff and Hubble suggest that "factors 
extracted from the WISC-R scores of low-IQ samples with 
wide age ranges may not accurately represent dimensions
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present at more narrow ranges within these samples"
(p. 149).
The two major problems identified in the literature, 
when differences in factor structure were found, were 
sample size and comparison of narrow age ranges with wide 
ranges. O'Grady's results seemed to reject a large 
proportion of the published results due to improper 
procedures.
Some authors emphasized the differences between their 
results and the widely reported 3-factor solution, whereas 
others regarded differences as small fluctuations. Macmann 
et al. (1991) was one of the few studies that discussed IQ
ranges as being important to the outcome of the factor 
analysis.
Methodology
WISC-R protocols were obtained from student files 
stored at the administration office of a number of school 
districts in Alberta and Saskatchewan. The following data 
were recorded from the face sheet of the WISC-R protocols: 
sex, age, the 11 subtest scores, and Full Scale IQ scores.
The variable sex was used for sample description 
only. Age and Full Scale IQ scores were used to divide the 
sample into a number of groups. The factor analyses were 
of the subtest scores.
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Subjects
The subjects in this study consisted of 3,493 
elementary-aged (ages 6.0 to 12.11) students referred for 
psychological testing in 12 school districts.
Sample size varied for each analysis, the largest 
being the total group (3,493) and the smallest for a 
subgroup being 225. All subgroups were over 300, except 
for ages 6 (225) and 12 (262), and IQ above 129 (274).
Analysis of Data
The SPSS/PC+ program provided a test of the 
correlation matrix in terms of adequacy of the sample 
(KMO), significance of the correlation coefficients, and 
Bartlett's test of Sphericity. These were all examined in 
order to determine the adequacy of each correlation matrix 
for factor analysis.
Principal Axes Factor method with squared multiple Rs 
in the diagonals was used for each matrix. Oblimin was the 
rotation of choice.
One, two, and three factors and number of factors 
with eigenvalue-greater-than-1 were generated and then 
rotated to the Oblique and Varimax criteria. Only the 
Oblique solutions were reported, except where there was a 
difference between the solutions. Both solutions were 
reported where there was a disagreement.
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Only variables which exhibited factor loadings of .30 
or above were considered as instrumental in composing any 
of the emerging factors.
The following information was also considered in 
choosing the number of factors to report: (1) the scree 
test; (2) examination of the Reproduced Correlation Matrix 
to discover when the residuals were small enough to stop 
extracting factors (the residuals were regarded as small if 
almost all were below .10 and if there was no significant 
gain in improvement of the reproduced correlation when the 
solution was increased by one factor); and (3) examination 
of the improvement of the communality and factor loadings 




What is the factor structure of the WISC-R subtest 
scores when a large sample (3,493 subjects) of referred 
students between ages 6-0 and 12-11 with IQs of 40 to 155 
is used?
Question 1 was answered by factor-analyzing scale 
scores from the large sample.
A 1-factor solution was adequate to describe the data 
for Question 1.
All indicators, including the Reproduced Correlation 
Matrix showed that a 1-factor solution was adequate to
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explain the data. A 2-factor solution produced a split in 
the loadings for Picture Arrangement with no increase in 
communality, except for Object Assembly.
If a 2-factor solution were to be accepted, both 
Picture Arrangement and Coding did not factor with the 
Performance subtests. These two scores make up two-fifths 
of the Performance IQ score. This, therefore, brings into 
question the validity of using the composite Performance IQ 
score and doing Verbal/Performance difference analyses.
A 3-factor solution clearly involved 
overfactorization. Three subtests had split loadings; 
there were large correlations between all variables and 
factors; the Reproduced Correlation Matrix did not improve 
markedly; the communalities did not improve and both the 
scree and the eigenvalue criteria showed that there was no 
need to proceed with a 3-factor solution. This was the 
type of overfactorization that was criticized by O'Grady 
(1989).
If split loadings and overfactorization were to be 
ignored, the results of the 3-factor solution, in terms of 
subtests which loaded on each factor, are similar to 
results reported in the literature. Of note, however, is 
the fact that Picture Arrangement loaded equally on factors 
1 and 2. This same split in Picture Arrangement at age 
levels below 11 is found in the new WISC-III (Wechsler,
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1991). Picture Arrangement is, therefore, not a good test 
for either the Verbal or the Performance scales.
Question 2
What is the factor structure of the WISC-R subtest 
scores when the above sample is divided into seven 
different age groups?
Question 2 involved dividing the sample into seven 
groups according to age. This, therefore, required seven 
factor analyses.
The analyses for ages 6 to 12 resulted in a 1-factor 
solution being adequate to explain the data. At ages 7,
11, and 12, a 2-factor solution explained the matrix better 
than a 1-factor solution. The second factor was regarded 
as a minor factor because the eigenvalue criterion was 
violated.
Coding was dropped from the analyses at ages 6 and 7 
due to the fact that it did not share enough variance with 
the other subtest to be included. In all other analyses, 
Coding factored with Factor 1 when two factors were 
examined. These results suggest that it is not acceptable 
for Coding to be included with the Performance subtests.
In the 2-factor solutions Picture Arrangement was 
split at all age levels below 10. At these levels it was 
almost equally split. Most of the time, however, it 
factored with Factor 1. In the 2-factor solutions Picture
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Completion was split at ages 9 and 12 and Block Design at 
age 11.
The results at each age level were similar to the 
results for the large group. This again brings into 
question the validity of the composite Performance IQ 
score. The large correlations between factors and between 
each variable and each factor brings into question the 
purpose of interpreting 2- and 3-factor solutions at these 
wide IQ ranges.
Question 3
What is the factor structure of the WISC-R subtest 
scores when the age groups are selected so that Full Scale 
IQ distributions are not significantly different from a 
normal distribution?
Question 3 required the selection of a group of 
subjects with scores that were normally distributed on Full 
Scale IQ. These scores were then factor analyzed.
The results were similar to the results in Question
2 .
This analysis was carried out to be used as a check 
to ensure that the factors produced were not obtained 
because of the distribution of scores at the various age 
levels. This type of analysis is important if the results 
of factor analysis are to be used in a general way. If 
there are variations in results when the sample varies only 
slightly, then conclusions about the results are
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problematic. In everyday practice there are many 
variations.
Question 4
What is the factor structure of the WISC-R subtest 
scores when the large sample is divided into two groups 
according to whether they get Coding A or Coding B?
Question 4 was answered by factor analyzing the 
scores of two groups according to whether the students were 
administered Coding A or Coding B.
The results for Coding A and Coding B are different 
in two respects. Coding A did not share enough variance 
with the other subtest to be included with the analysis. 
Coding B shares more variance with the Verbal subtests than 
with the Performance subtests. A 1-factor solution was 
sufficient to explain the data in both samples. All 
solutions above one factor produced minor factors.
Picture Arrangement was split in both 2-factor 
analyses.
All divisions of the sample with total IQ range have 
produced similar results. Coding and Picture Arrangement 
are problematic subtests for the Performance scale. A 
1-factor solution is adequate to describe the data.
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IQ Ranges of 40 IQ Points
Question 5
What is the factor structure of the WISC-R subtest 
scores when the sample between ages 8.00 and 12.11 is 
divided according to IQ ranges, such as below 80 (below 
average), 80-119 (average), and above 119 (superior)?
Question 5 involved analyzing scores for groups whose 
Full Scale IQ scores designated them as being below 
average, average, or superior.
The three IQ ranges involved here were below 80, 
80-119, and above 119. These ranges correspond to the 
designations: below average, average, and superior. At all 
three ranges a 2-factor solution was necessary for adequate 
communality. There were some similarities and some 
differences for individual subtests at different IQ ranges. 
Picture Arrangement, Picture Completion, and Coding did not 
share enough variance with the other subtests or with each 
other to be included in the factor analyses. Similarities 
was excluded at the below-80 range and Digit Span and 
Arithmetic- were excluded at the other two ranges because of 
lack of common variance. Comprehension was excluded at the 
above-119 range. The two factors cannot be labelled Verbal 
and Performance because of the subtests that were excluded. 
They can, however, be called Verbal Comprehension (for the 
most part, the usual Verbal subtests are included) and 
Visual processing (this is the name given by Sattler (1988)
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What is the factor structure of the WISC-R subtest 
scores for referred students with Full Scale IQs above 114? 
A number of studies with gifted samples used a cut-off 
score of 114, thus, the answer to this question allows 
comparison with existing research.
Question 6 involved analysis of scale scores of 
students with IQs above 114.
At this range the same five subtests (PA, PC, COD, AR 
and DS) were excluded from the analysis as in the two 
previous ranges. There were the same two factors as before 
(Verbal Comprehension and Visual Processing).
IQ Ranges of 15 IQ Points
Question 7
What is the factor structure of the WISC-R when 
groups of students, who scored within one standard 
deviation of each other (70-84, 85-99, 100-114, 115-129, 
130-144), are selected so that the IQ range is equal for 
all groups?
Question 7 called for the analysis of scores for 
groups of students who scored within one standard deviation 
of each other. There were five groups with ranges 70-84,
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85-99, 100-114, 115-129, and 130-144. The age level was 
also limited to between 8 and 12 to avoid problems with 
ceiling effects at the top of the scale.
The finding of note at this IQ range is that although 
the correlation matrices had significant intercorrelations, 
they were very poor for factor analysis. The second 
finding was that the three subtests with the most problems 
in terms of shared variance were PA, PC, and COD. These 
were followed by AR, DS, CO, and SI. The third and weakest 
(minor factors complicated the issue) finding was, the 
higher the IQ range, the fewer common factors and the more 
the variables separated into unique factors. This trend 
can be seen in the wider IQ ranges where more variables 
were removed as the level of IQ increased (below 80, 4; 
80-119, 5; and above 119, 6).
Questions 8 and 9 were answered by analyses done 
under Question 7 because these IQ ranges overlapped with 
ones chosen for analysis in that question. The ranges were 
115-129 and 129-144.
Question 10 involved analyses for groups in Questions 
1, 5, and 8, done without Digit Span. Only analyses for 
Question 1 and the IQ below 80 range were required, since 
the other analyses already excluded DS.
Discussion
The first finding that is of some significance in 
this study is that Coding did not load significantly with
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any of the factors in any of the reduced ranges. Also at 
ages 6 and 7, it did not load significantly. Whenever it 
remained in the analysis it acted more like a Verbal 
subtest than a Performance subtest.
These findings are in agreement with many of the 
studies reported in the literature (e.g., Greenberg et al., 
1986; Gutkin & Reynolds, 1981; Kaufman, 1975; Macmann, et 
al., 1991). Silverstein (1980) suggested the substitution 
of Mazes for Coding because of the above problem. Lawson 
and Inglis (1985) did not go as far as to call for a 
substitution but stated: "The misclassification of this 
subtest [Coding] within the Performance Scale has 
undoubtedly attenuated the usefulness of any 
Verbal/Performance contrasts in the interpretation of WISC 
and WISC-R subtest scatter" (p. 45). Although the results 
of this study were obtained from an exploratory factor- 
analytic study, there is ample previous evidence (both 
confirmatory and exploratory studies) to suggest that 
Coding not be regarded as a Performance subtest. The 
authors of the WISC-III have again included this subtest as 
a Performance subtest. There is no reason to suppose that 
Coding will load differently on the new WISC-III. It is 
essentially the same subtest.
The second subtest that did not belong exclusively to 
the Performance Scale was Picture Arrangement. It loaded 
just as high with the Verbal subtest. This was interpreted
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
2 6 8
to be a splitting of variance rather than being a Verbal 
subtest. This showed up very well at the reduced IQ ranges 
where Picture Arrangement did not load with any of the 
factors. This problem of split loadings for Picture 
Arrangement was noted before (see Table 2). Thirty-six of 
the 48 studies summarized in Table 2 had Picture 
Arrangement loading with factors other than Perceptual 
Organization, whereas 42 had it loading with that factor. 
This problem of split loading at all ages below 10 years of 
age is again noted in the new WISC-III (Wechsler, 1991). 
These results, together with the results above, raise 
serious questions about the unity of the Performance Scale 
of the Wechsler scales for children. They also raise 
serious questions about the practice of examining 
Verbal/Performance differences in the classification of 
students as Learning Disabled. Sattler (1988) suggests 
that Verbal/Performance discrepancies may indicate the 
following: difference in interest patterns, cognitive 
styles, psychopathology (including emotional disturbance or 
brain damage), deficiencies or strengths in processing 
information, deficiencies or strengths in modes of 
expression, sensory deficiencies and deficiencies or 
strengths in the ability to work under time pressure. A 
number of studies (Aram & Ekelman, 1986; Aram, Ekelman, 
Rose, & Whitaker, 1985; Hynd, Obrzut, & Obrzut, 1981) 
report highly variable relationships between lateralized
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brain damage in children and WISC-R Verbal/Performance 
discrepancies. Similar variable results are reported in 
many areas when Verbal/Performance discrepancies are 
considered (e.g., Gordon & Greenberg, 1983; Grossman, 1983; 
Ollendick, 1979; Wener & Templer, 1976). The fact that the 
Performance subtests are not a cluster of subtests 
measuring one dimension can account for these variable 
results.
The Picture Completion subtest is the third 
Performance Subtest that did not share enough variance with 
the other subtests to be included at reduced IQ ranges.
This included relatively large IQ ranges such as 80-119. 
This finding adds to the problems associated with 
Verbal/Performance discrepancies.
The other subtests that showed lack of shared 
variance with factors at narrow IQ ranges were Digit Span, 
Arithmetic and, less regularly, Similarities,
Comprehension, and Block Design. These subtests are the 
ones that were reported by Kaufman (1975) to have a large 
percentage'of specific variance. According to Kaufman, 
Digit Span, Coding, and Picture Arrangement have the most 
specific variance. Similarities has large specificity at 
younger age levels, as do Information and Block Design. It 
is this specific variance that becomes more important as 
the IQ range is narrowed. This situation— where a narrow 
range of talent is studied, and the specific variance of
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subtests plays a more important role in the factor 
structure — is well predicted by Guertin and Bailey (1970). 
They stated that when a narrow range of talent is studied, 
"not only are lesser traits brought forth but so too are 
the so-called instrument factors" (p. 176).
The results obtained here are similar to those 
obtained by Woodcock (1990), where Arithmetic, Digit Span, 
and Coding loaded on different factors when more subtests 
than those on the WISC-R were included in the analyses. 
Picture Arrangement and Picture Completion were split 
between two factors (Visual Processing and 
Comprehension-Knowledge).
The findings in this study speak somewhat to the 
inconsistencies in the literature. First, subtests that 
load high and have high communality at wide IQ ranges do 
not have the same large communality at narrow IQ ranges and 
might, therefore, load inconsistently with different 
factors. In the studies with gifted students reported in 
the literature review, the subtests that did not load where 
they were predicted by other studies were Picture 
Completion and Arithmetic (Karnes & Brown, 1980); Picture 
Completion, Picture Arrangement, Coding, and Arithmetic 
(Brown & Rood, 1982); and Picture Arrangement, Coding, and 
Arithmetic (Greenberg et al., 1986). Although the studies 
did not agree with each other concerning alignment of 
subtests, the subtests involved were the ones that showed
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low communality in the analyses carried out in this study. 
When a subtest has low communality, slight differences in 
variance can cause the subtest to load on a different 
factor. Since the above studies did not report 
communalities, it is very difficult to discuss them more 
specifically than to say that their results are predicted 
by the low communalities obtained in this study. It was 
demonstrated time and again in this study that the Pattern 
Matrix does not tell the full picture. Both communalities 
and the correlations between variables and factors 
(Structure Matrix) are needed to interpret the results. 
Subtests with low communalities in a common factor analysis 
can have satisfactory loadings (above .30) especially in 
Principal Components where specific variance is also 
distributed.
In the studies with the "mentally retarded," 
Arithmetic, Picture Arrangement, Coding, and Comprehension 
were split between one or more factors (Van Hagen &
Kaufman, 1975); Arithmetic and Picture Arrangement were 
split between two factors in Schooler et al. (1978); in 
Groff and Hubble (1982), Digit Span loaded with Perceptual 
Organization. As is noted with the gifted samples, low 
communalities will predict this splitting.
In studies with Learning Disabled students (McMahon & 
Kunce, 1981), Picture Arrangement and Coding did not load 
where they were supposed to load.
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The present study suggests that the conclusion of 
some authors (eg., Shore, 1986), that different processes 
are involved for different subgroups, based on their 
findings of different factor structure, might be 
overstated. The problem might have been that they were 
comparing a wide IQ range factor with a narrow IQ range 
factor. The subtests involved in forming new factors in 
most of these studies, with subgroups (such as the Gifted), 
were the ones that did not have large communalities at 
narrower IQ ranges in this study.
There is, further, a call for more information, in 
future analysis and reports of factor analysis with the 
Wechsler subtests, about communalities, publication of the 
Structure Matrix for studies with oblique rotation and more 
investigation of the residuals after different numbers of 
factors are extracted.
A statement made by O'Grady (1989), which bears 
repeating here, is that a large proportion of the WISC-R 
factor-analytic studies are not interpretable because of 
criteria for selection of solutions and reporting of 
results.
What are some of the results of this 
misspecification? Galkowski, Pietrulewicz, and Scott 
(1987), in a Polish comparison of the WISC-R with American 
results, found that only Coding loaded on the third factor. 
They interpreted their finding in the following way:
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Further investigation may reveal factors within the 
Polish culture, such as availability of paper and 
pencil for visual-spatial activities at home and 
school, that may account for the emergence of Coding as 
an important and relatively independent IQ component.
(p. 509)
If these authors had raised more questions about the 
American literature, or if the American literature were 
more carefully reported, they would not have reached such a 
spurious conclusion. The same type of mistake was made by 
Hadi (1989) in a doctoral dissertation. In a confirmatory 
factor analysis of the Kuwaiti adaptation of the WISC-R, 
Hadi found problems with the Picture Arrangement subtest.
He called for modification of the Kuwaiti Picture 
Arrangement subtest to fit the American model. His finding 
is not in disagreement with a number (see Table 2) of the 
North American studies. This study has served to raise 
more questions about the role of Picture Arrangement in the 
WISC-R.
The findings concerning the factor structure at 
different IQ ranges relate to the major purpose of the 
study, which was to look at the factor structure at 
different IQ and age ranges. At the broad IQ ranges a 
general factor was found; at narrower IQ ranges evidence of 
the general factor disappears and other factors appeared.
At broad IQ ranges two or three factors are not 
interpretable, since "without a unique set of variables 
loading the factor, there is no real basis for interpreting 
the factor" (Gorsuch, 1983, p. 206).
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Is the general factor found at these ranges, the 
often discussed g factor? The general factor is the same 
as has been found in previous studies, both in hierarchical 
analysis (Blaha & Wallbrown, 1984) and component analysis 
(Kaufman, 1975). Spearman defined g as "mental energy" 
(Sattler, 1988). Jensen (1979) defined g as an index of 
general mental ability or intelligence and represents the 
"inventive" as contrasted with the "reproductive" aspect of 
mental ability. In this study and others with the WISC-R 
(Sattler, 1988), the subtests that loaded the highest on 
this general factor were the Verbal subtests. Other 
studies comparing measures of g on other tests have found 
that subtests measuring acquired concepts and skills load 
highest on g (Kaufman & McLean, 1987). The question that 
can be posed in relation to the findings of this study is: 
Do Picture Arrangement or Object Assembly (two of the 
subtests with lowest g in this study) not require "mental 
energy" or do they not call for inventive solution? The 
practitioner will say, "Of course they do I" Sattler (1988) 
regards Picture Arrangement as a nonverbal reasoning task 
that involves anticipation, judgment, and understanding.
He regards Object Assembly as a test of the examinees' 
skill at synthesis. These skills (synthesis, judgment, 
anticipation) are higher on Bloom's Taxonomy of cognitive 
skills than recall of general information. (Information is 
either the first or second highest measure of g on the
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WISC-R.) This general factor in the WISC-R is, therefore, 
probably not a reasoning or thinking skills factor. Maybe 
there is some substance to Kaufman and McLean (1987) 
calling this factor "general achievement" rather than 
general intelligence. Additionally, g can be regarded as 
what is of highest value in the culture (what is valued by 
schools and parents) and, therefore, what is included on IQ 
tests. There is, also, a statistical explanation in that 
IQ tests generally are highly verbal; that is, the Verbal 
subtests are so highly correlated and the Performance 
subtests measure more specific processes, thus are less 
related to each other, and to other subtests, that there is 
more verbal common variance. Therefore, verbal variance 
dominates the common variance. What will happen if a 
number of highly correlated nonverbal subtests are included 
in IQ tests and fewer correlated verbal tests are included? 
Will a nonverbal g appear? This concept can be tested, and 
it may add to the debate over g (see Detterman, 1991, "Is g 
Intelligence or Stupidity?" for debate).
Concerning the two factors that emerged at the 40 IQ 
points range, one clearly represents some aspect of verbal 
ability, the other, some aspect of nonverbal ability. The 
tests that did not have high communality with these factors 
were: Picture Arrangement, Coding, and Picture Completion. 
Object Assembly and Block Design formed one factor, whereas 
Vocabulary, Information, and in some cases Similarities and
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Comprehension formed the other factor. This verbal factor 
can probably be called Verbal Comprehension, although the 
name Acquired Knowledge is preferred by Kaufman and McLean 
(1987). The fact that Similarities does not load at the 
low IQ range is understandable if it is remembered that the 
sample is essentially mostly 8 to 10 years of age and the 
concept of similarities and differences is acquired later 
for low-IQ students. At the high IQ range, Comprehension 
must be tapping some other ability than acquired knowledge. 
This could be the ability to generate more than one 
abstract response to a situational question. Picture 
Arrangement, Picture Completion, and Coding each stand 
alone in the WISC-R. What is needed are similar subtests 
to be added to the WISC-R for their effect, beyond specific 
subtest interpretation, to be interpreted. If the effect 
of these subtests cannot be interpreted for groups such as 
"above average" or "average," can their effect be 
interpreted for individuals? The WISC-III authors have 
done well to develop a second subtest to be interpreted 
with Coding. This is a definite improvement. They have, 
however, left Coding in the Full Scale IQ calculation, and 
worse, have left it in the calculation of the Performance 
IQ score. Interpretation of the Performance IQ score as a 
dimension is questioned at these IQ ranges. If it is 
necessary to continue to interpret the WISC-R Full Scale IQ 
score as unidimensional at the individual level, then
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Coding, Picture Arrangement, and Picture Completion should 
be removed. This does not preclude interpretation of Full 
Scale IQ as a composite score. The problem is 
interpretation of the Full Scale IQ score as though it were 
unidimensional. It must, however, be remembered that 
serious objections have been raised about including 
dissimilar subtests in composite scores. Elliot (1990) 
objects to the inclusion of low g subtests in a composite 
score. In fact, he has included only the highest g-loading 
subtests in his test composite. He has three subtests in 
his battery which are not included in the composite. These 
are called "diagnostic subtests." Elliot asserts that 
inclusion of the diagnostic subtests would render existing 
composites less interpretable. He states that, 
"Psychometric g is the general ability of an individual to 
perform complex mental processing that involves 
conceptualization and the transformation of information"
(p. 20). Elliot believes that a composite score is 
interpretable if it represents an identifiable dimension.
Woodcock (1990) seems to agree with this position. He 
states:
There is no question, technically, that broad scores of 
intelligence can be calculated, but what do such broad 
scores mean in practice? At best, they predict the 
average outcome in a variety of life situations that 
require a variety of cognitive abilities. They do not 
allow us to predict anything specific. By analogy, 
similar computations could be applied to data provided 
by composite sets of reading, writing, and arithmetic 
tests. An achievement quotient, or AQ, could be 
determined by following any of the three computational
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approaches that have been applied to intelligence test 
data. No matter how the AQ is determined, will it be 
of much solace to the referring teacher to hear that 
the student has an AQ of 90 or 122? Most teachers 
would respond, "So what?” Unfortunately, that has not 
been a frequent enough response to reporting the 
single-number IQ as a representation of intelligence. 
Perhaps it is, also, one cause behind the complaint 
that useful intervention information is not provided by 
intelligence tests . The time is past due for more test 
developers and users to appreciate intelligence as a 
many-splendored thing, not a single trait analogous to 
"mental height", (p. 257)
Following the arguments of these two authors, the 
results of this study suggest that the WISC-R Full Scale IQ 
score should not be interpreted.
At this point, it is necessary to discuss the question 
of the advisability of doing factor analysis at narrow IQ 
ranges. It is important to note at the outset of this 
discussion that what is truncated is Full Scale IQ not 
scale scores. The scale scores are allowed to vary as they 
will. It is true that truncated IQ ranges will mean less 
variability and, therefore, will result in scale scores not 
ranging from 1 to 19. However, there is no condition in 
correlational studies to require scores to range from 1 to 
19. The ranges in the narrow IQ data sets are greater than 
5 points. These ranges are more than enough to reveal 
patterns that are present.
It is customary to interpret the WISC-R results as 
they pertain to individual students. If it is not possible 
to identify patterns at IQ ranges one standard deviation 
apart, how is it possible for the results of factor
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analysis done at wide IQ ranges to be applied to 
individuals? In fact, Vernon (1950, p. 9) suggests that a 
factor is a "kind of blurred average" that describes a 
group, but cannot be applied to individuals without 
clinical judgment. The closer this group is to an 
individual (narrow IQ range), the more confidence one can 
have in applying factor-analytic results to the individual. 
Studies at narrow IQ ranges, therefore, have special 
interest to the practicing psychologist.
The findings in this study suggest that the higher 
the IQ level, the less common variance, therefore fewer 
common factors and more specific factors (see Table 105). 
This finding is somewhat predicted by a finding of 
Detterman and Daniel (1989) which says that correlations 
among mental tests are higher among low-IQ than among 
high-IQ subjects. They found this decline to be systematic 
on the WISC-R. If this finding holds in future research, 
the implication is that the higher the IQ, the more 
multidimensional the abilities of children. This raises 
some fundamental questions with regard to the 
conceptualization of intelligence. Is intelligence 
different at different IQ ranges? Should gifted children 
be described in terms of more abilities rather than higher 
ability? The guidance counsellor, who tries to help bright 
students to narrow their career choices, might be inclined 
to agree with a "yes" answer to the second question.
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The second implication of the results at narrow IQ 
range is that the practitioner is fully justified in 
interpreting most of the WISC-R subtests as individual 
subtests measuring individual abilities.
Concerning the Freedom from Distractibility factor, 
the results from all the analyses taken together seem to 
suggest that the Freedom from Distractibility factor is not 
an important dimension in the WISC-R, although it did 
appear when a 3-factor solution was attempted at wide IQ 
ranges. The third factor, as it is generally reported, is 
deemed to be insignificant for a number of reasons:
1. In 6 out of 10 samples with wide IQ ranges, a
1-factor solution was indicated by all criteria. Thus, a
2-factor solution was overfactorization.
2. There was no instance when a 3-factor solution 
was indicated.
3. In six samples, after two factors were extracted, 
none of the residuals were above .10. This means that very 
small correlation coefficients had to be factor analyzed to 
produce a third factor. At four age levels the 
correlations between Arithmetic and Digit Span ranged from 
.11 to .14.
4. In six samples, Arithmetic was the highest 
loading subtest. Three times Digit Span was the highest 
loading subtest, and four times Coding was dropped from the 
analysis because of low communality.
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All the evidence indicated that a third factor 
appeared because of overfactorization. Coding, Digit Span, 
and Arithmetic were not always included in this factor when 
it appeared, and the major defining subtest was not always 
the same. Sometimes it was Digit Span; sometimes, 
Arithmetic. Digit Span, Coding, and Arithmetic were unique 
factors above IQ 99. At IQ range 70-84, Arithmetic loaded 
with Information and to a lesser extent with Digit Span. 
Therefore, Digit Span was split between the factor formed 
by Arithmetic and that formed by Coding. At IQ range 
85-99, Arithmetic loaded with Digit Span, and Coding loaded 
with Similarities and Information (Coding had a negative 
relationship).
This evidence seems to suggest that Arithmetic and 
Digit Span have a stronger relationship than Arithmetic and 
Coding. It is quite possible that these three subtests 
load on the same factor when the matrix is overfactored, at 
wider IQ ranges, due to some relationship between Coding 
and Digit Span and some relationship between Arithmetic and 
Digit Span; These relationships are, however, not very 
strong as evidenced by the number of times each subtest 
forms a unique factor at narrow IQ ranges and the small 
residual correlations between them after two factors were 
extracted at wide IQ ranges. These results, therefore, 
lend little support to the concept of a third factor, as 
has been proposed in Kaufman's (1975) study.
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It must be remembered that all the above discussions 
are related to results found for sample of referred 
students in Southern Alberta and Saskatchewan. Strictly, 
the results of this study may be applied only to this 
population. However, in Chapter 2, pages 66 and 67, 
reference was made to a number of studies (Beal, 1988; Dash 
et al. , 1983; Peters, 1976; Vernon, 1976; and Wersh & 
Briere, 1981) which together indicated that:
1. Canadian children are not disadvantaged by the 
standard items of the Information subtest.
2. Existing studies show no evidence that Canadian 
children do worse than the standardization sample on the 
WISC-R.
3. Subtest variability comparisons between clinical 
samples, the American normative population, and samples of 
normal Canadian children revealed few distinctive 
differences in either degree or pattern of scatter.
4. The accepted practice, in Canadian studies of 
factor and other profile analysis, is to treat the samples 
as though they are American samples.
Canadian psychologists are, therefore, very confident 
in using American norms. The results of this study may, 
therefore, have some application to American samples.
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Suggestions for Practitioners 
Since this is an exploratory factor-analytic study, 
the results are not for direct application to practice 
except where they agree with data from other sources.
There are enough questions raised by this study and others 
to suggest the discontinuance of the Verbal/Performance 
discrepancy formula for provision of special educational 
services to children. At the least, enough questions are 
raised for the practitioner to reevaluate the reporting of 
Verbal and Performance IQ. The first question that should 
be raised is, what do these scores mean? If Picture 
Arrangement, Coding and Picture Completion do not measure 
the same construct as the other Performance subtests, what 
does the Performance IQ represent? The same question can 
be raised about the Full Scale IQ for the individual child. 
If the WISC-R or, for that matter, the WISC-III profile for 
an individual child contains scatter, is it acceptable to 
regard the Full Scale IQ score as a measure of general 
intelligence? This study raised a number of questions with 
regard to the appropriateness of the Full Scale IQ as a 
unidimensional measure, especially at narrow IQ ranges.
The results at these narrow IQ ranges are more relevant to 
the individual child than those at broad IQ ranges. 
Considering these results, should the Full Scale score be 
used to place students in Special Education programs?
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This study adds weight to the other studies 
suggesting that the WISC-R should not be interpreted in 
terms of a 3-factor solution. Caution should be exercised 
when interpreting the traditional WISC-R factors beyond 
Verbal Comprehension. At least three subtests (Picture 
Arrangement, Coding, and Picture Completion) might be 
measuring individual dimensions. To interpret these 
subtests, it is necessary to collect information from other 
batteries to assist with interpretation. Arithmetic and 
Digit Span might also be measuring different dimensions. 
Woodcock (1990) has provided analyses of a number of 
cognitive batteries. The results of his analyses can be 
used in terms of a starting place for finding subtests that 
are similar to Arithmetic and Digit Span. The WISC-III 
provides a subtest to be interpreted with Coding.
Some of the suggestions made by other authors of 
factor-analytic studies are also pertinent for this study. 
Blaha and Wallbrown (1982) provide some excellent 
suggestions to the practitioner in the interpretation of 
factor-analysis results for the individual child. Their 
suggestions, although made with regard to their findings 
with hierarchical factor analysis, will fit well with the 
results from this study.
Blaha and Wallbrown suggest four general principles 
that should guide inquiry in the hierarchical 
interpretation of the Wechsler scales:
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1. Account for the child's performance in terms of 
the broadest or highest-order factor(s) possible.
2. Determine the internal validity of a factor by 
examining the factor's variance. The greater the variance 
of the subtests that comprise a factor, the less valid that 
factor is in accounting for the child's performance.
3. Determine the external validity by examining the 
degree to which the factor estimate agrees with other 
information about the child.
4. If a high-order factor does not provide a valid 
estimate of a child's performance, then move down the 
hierarchy and attempt to account for the child's 
performance in terms of lower-order factors. When the 
lowest-order factors are considered and there is 
substantial variability within the subtests, the 
psychologist should base interpretation on individual 
subtest scores. Because the internal validity of a single 
subtest score cannot be determined, any clinical inferences 
based on such information can be based only on external 
validity, that is checked against other sources of 
information about the child and subsequently confirmed, 
modified, or discarded.
Woodcock (1990) also made four suggestions for 
clinicians to follow in interpreting a battery of cognitive 
tests in terms of the subject's strengths and weaknesses.
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1. The clinician must be knowledgeable about the 
factorial composition of each subtest in the battery.
2. The clinician must have information from two or 
more clean measures of a cognitive factor before 
generalizing about a subject's ability in that cognitive 
area.
3. The factor measures must be clean or any attempt 
to explain performance on a subtest will be complicated, if 
not impossible.
4. The clinician may find it helpful to "cross" 
batteries to obtain a set of measures required for a 
particular assessment. This does present a problem from 
the lack of common norms. A partial solution may be to 
approach assessment more from the viewpoint of a "clinical 
evaluation" than from obtaining "measurements."
The last suggestion to the practitioner is: Be
cautious about the factor-analytic interpretations made by 
the authors of the new WISC-III, since they were made in 
light of the WISC-R research.
Suggestions for Further Research
1. The findings with regard to the narrower IQ ranges 
must be replicated.
2. Future factor-analytic reports must include 
structure matrices when oblique analyses are performed.
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3. Both the Pattern Matrix and the Structure Matrix 
must be interpreted in any reanalysis of the WISC-R or in 
new analyses with the WISC-III.
4. Publication of communalities is necessary for the 
reader to assess the importance of the dimensions.
Although communalities can be calculated from the unrotated 
factor matrix, the average reader is not inclined to do 
this and the unrotated factor matrix is often not printed.
5. A more critical look at the WISC-R factor-analytic 
literature is required. Factor analyses should be redone 
on some of the published correlation matrices following 
some of the detailed procedures outlined in this report. 
Reanalysis of some of the published correlation matrices of 
narrow-IQ-range samples using these procedures will 
determine whether these findings are replicable.
6. If the findings with regard to Picture Arrangement 
and Picture Completion are valid (there are indicators in 
the literature to suggest that they are), test developers 
should begin to look for and build other subtests that 
measure the same dimensions. (Woodcock [1990], in his 
analyses of available cognitive batteries, did not find any 
other subtests that load exclusively with these two 
subtests, that allowed them to have clean loadings on any 
of his factors.) This will provide the psychologist with 
more confidence in interpreting Picture Arrangement and
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Picture Completion in terms of what they purport to 
measure.
7. The new WISC-III must be submitted to similar 
detailed analysis, as was carried out in this study, when 
enough data are available.
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APPENDIX A
COMPUTER PRINTOUTS FOR QUESTION 1
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APPENDIX B
COMPUTER PRINTOUTS FOR QUESTION 2
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FACTOR 1 FACTOR 2
IN , 79093 .41699
SI .75585 .16636
AR .74640 .35476







Extraction 1 for Analysis 1, Principal Axia Factoring (PAF)
PAF Attempted to extract 3 factors.
Hore than 2J> iterations required. Convergence - .00109
Oblimin Rotation 2, Extraction 1, Analysis 1 - Raiser Normalization. 
Oblimin converged in 9 iterations.
Pattern Matrixi
FACTOR 1 FACTOR 2 FACTOR 3
IN .71777 -.15118 .30319
SI .65070 .12003 .01532
AR .29403 .03149 .52202
VO .76846 .07181 .02677
CO .81621 .06214 -.05301
DS -.08551 .11477 .79878
PC .22164 .55663 .00423
PA .42448 .31138 .07963
BD -.04528 .79993 .02382
OA .07955 .51809 .20303
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I I I  3 0*J E u ^vi g 0 0 T3 -h u a >
U -  U oo ^ o  u
I d a  d
O C A  -*0 0 ogt u
35 ̂  K o O 03 u < Q < O Z H 2 0 0 « U < 0 < 0  £ h  £  ®
H o i o c a a . f l i f l o u  n t o o u  Q b a s o u  h  *a  vj  h

















Principal Component* 2-Factora Solution Oblimin Rotation 2. 
Pattern Matrixi
FACTOR 1 FACTOR 2
IN .77966 .12577
SI .69103 .24873























FACTOR 1 FACTOR 2
FACTOR 1 1.00000
FACTOR 2 .66686 1.00000
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FACTOR 1 FACTOR 2 FACTOR 3
IN .88604 .58029 .2 266 7
SI .88764 .64674 .19011
AR .81297 .59209 .45522
VO .92151 .58703 .25144
CO .90055 .56610 .15623
DS .65000 .46876 .59895
PC .67847 .77138 -.03826
PA .64151 .58602 -.27442
BD .67526 .87059 .31037
OA .52630 .91250 .08073
COD .56761 .53180 .62781
Factor Correlation Hatrixi







1 .0 0 0 00  
.11364 1 . 0 0 0 0 0
Age 10
Humber of Canon - 460
Corrolatlon Matrlxii
IN SI AK VO CO DS PC PA BD
IN 1.00000
SI .75201 1.00000
AR .70589 .66147 1.00000
VO .78827 .80307 .67195 1.00000
CO .67675 .72905 .62916 .76972 1.00000
DS .57778 .51831 .53783 .57690 .57546 1.00000
PC .51782 .48359 .46114 .46480 .46727 .32552 1.00000
PA .52741 .51566 .51862 .55724 .51610 .35902 .54171 1.00000
BD .59253 .54965 .61421 .58141 .55216 .44196 .54473 .52290 1.00000
OA .50184 .48430 .45678 .52573 .48924 .37859 .51906 .45819 .67622
COD .51106 .50207 .54262 .52796 .52372 .48705 .35660 .45389 .49364
Kaixer -Moyor-Ollcln Heaaure of Sainpl log Adequacy - .93752
1.00000 
.36722
Bartlett Tent of Sphericity - 3461.9507, Significance - .00000
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FacLur Coii e 1 at ion Halrlxi PFA, Obllmln Itolotlon
FACTOR 1 FACTOR 2
FACTOR 1 1.00000
FACTOR 2 .65062 1.00000
Ruproduced Coirelation Halrlxi 3 Factor SululIon
IN SI AR VO CO
IN .73642* .00774 .01813 .00192 -.01128
SI .73856 .74450* -.00105 .00042 -.01055
AR .62923 .63413 .67914* -.01992 .01627
VO .76452 .78609 .65889 .83732* .00772
CO .74001 .74526 .64049 .78890 .74639*
DS .52160 .52359 .60801 .54142 .53118
PC .46166 .48960 .42178 .50046 .48602
PA .37401 .39402 .33309 .40506 .39122
BD .54609 .58010 .57301 .58708 .57887
OA .39069 .43641 .37255 .43202 .43067













The lower lett triangle contains the reproduced correlation matrix) The 
diagonal, communallties) and the upper right triangle, residuals between 
the observed correlations and the reproduced correlatione.
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Factor Correlation HaLrlxi PPA, Obliinin So 1uLion
FACTOH 1 FACTOR 2
FACTOR 1 1.00000
FACTOR 2 .67303 1.00000
Reproduced Correlation Halrlxi 3 FacLor Solution
IN SI AR VO CO
IN .69146* .02728 .00456 .02219 -.02081
SI .70932 .73246* -.01840 -.03446 .00226
AR .54566 .60422 .64322* .01345 .00080
VO .75923 .77637 .58268 .84091* .00762
CO .70666 .72193 .52886 .77588 .72446
DS .46466 .49636 .56321 .49804 .46210
PC .49360 .51771 .45230 .49628 .50828
PA .47401 .49342 .42214 .49881 .48471
BD .50738 .54520 .59216 .50887 .51254
OA .38313 .41286 .44084 .36651 .39080













The lower le£t triangle contains the reproduced correlation matrix) The 
diagonal, communallties) and the upper right triangle, realduala between 
the observed correlations and the reproduced correlations.
There are 0 ( .0%) residuals (above diagonal) that are > 0.05
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Correlation 1-talled Slyn 1 f Icance Hatrlxi 





VO .00000 .00000 .00000
CO .00000 .00000 .00000 .00000
DS .00000 .00000 .00000 .00000
PC .00000 .00000 .00000 .00000
PA .00000 .00000 .00000 .00000
BD .00000 .00000 .00000 .00000
OA .00000 .00000 .00000 .00000




extraction 1 for Analysis 1, Principal Axis Factoring (RAF
Initial Statistical
Variable Communallty * Factor eigenvalue Pet of Var
IN .61800 • 1 5.41618 49.2
SI .47270 • 2 1.05041 9.5
AR .50108 * 3 .92167 8.4
VO .62474 • 4 .72892 6.6
CO .59167 * 5 .60145 5.5
DS .43632 • 6 .47659 4.3
PC .42260 • 7 .44046 4.0
PA .49397 • 8 .41689 3.8BD .42987 * 9 .37671 3.4
OA .42201 • 10 .30621 2.8
COD .11159 * 11 .26451 2.4
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.66164 1 . 0 0 0 0 0
KxtracLlon 1 (or Analysis 1, Pr inc ipal Axis Fao
PAF Kxtructad 3 (actors, 20 Iterations ruqui
Vac tor Matrixi
FACTOR 1 FACTOR 2 FACTOR
IN . 74031 -.19257 .08791
SI .74996 -.18990 -.11921
AR .71984 -.09612 .25906
VO .76013 -.30516 -.13371
CO .72284 -.23877 -.23817
DS .64183 -.02946 .17763
PC .64607 .17300 -.07319
PA .61700 .13137 .10692
HD .61794 .39467 -.03737
OA .57643 .50890 -.21300
COD .39642 .16369 .29639
Final Statistical
Variable Communality Pactor Kigenvalua Pet o( Var
IN .59287 1 4.69105 42.6
SI .61271 2 .72212 6.6
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The lower left triangle contains the reproduced correlation matrix; The 
diagonal, communal 1 ties; and the upper right triangle, residuals between 
the observed correlations and the reproduced correlations.
There are 19 (42.0%) residuals (above diagonal) that are > 0.0b





















IN SI AR VO CO DS PC PA BD
IN .59019* -.01368 .04153 -.00058 -.030/2 .00060 .02027 .00508 -.00683
SI .59614 .60356* -.01283 .00710 .03504 -.00979 -.02255 -.00973 .01336
AR .54156 .55022 .50419* -.03898 -.04672 .08762 -.01784 .00676 .02171
VO .62479 .62810 .56652 .66775* .05769 -.02677 .00528 -.02405 -.01068
CO .57394 .57984 .52691 .60733 .55814* -.04734 .01214 -.00018 -.00550
DS .47857 .48836 .45040 .49611 .46581 .40554* -.01168 .02976 .00816
PC .36940 .38536 .36671 .36514 .36027 .34259 .33728* .01981 -.02296
PA .42694 .44124 .41444 .43079 .41603 .38138 .35391 .37969* -.01049
BD .37389 .39958 .39277 .34943 .36546 .38026 .42392 .42567 .57683*
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© o ® ph ĥ ^ p h o -h ^p*0\Mftnypinr^p* O f  t O f t ^ H ^ M O  ©m*HOsoscnas«-*«-HCN ■H ̂  ̂  fV H o ^ ift
I I I I I
• J 5h PH «n pH c n cn cn © cn PH ©'J U CM PH a PH © ©
o c ©  ©  © ©  ^ © m < n <n —h vo PH PH i n VO o s c n PH
o «-4 OS PH <n o PH - 4 o o vo o s —H © o PH c n vO cn PH t n PH
o vo X ©  v o  OS o CN VO c n o a »n <o vO PH vO m c n t n VO
o r > m 2 m  »n H PH c n H f o PH c • . . . . . • •
o vO r *  f-> p - PH PH v o t n VO VO t n 3
• 0 ■ • . ■ • • •
■a <dh ao 0
X X2 2
Z H S o o n u < a <N t a o u Q O t f t o o Z N S O O ( 0 U < O <« u 3 < > a Q a . a . o o



















9t<0Hm¥O(*ior^N 5*r»r-in00^r^©^ 3.nr-..nr"i—•fNUimu'l — o c o o —«oai©O O O O O O O O U 1 ©
1 I III
^ ^ O c o ^ H O H n e i n2* ^0<A©©©r**©^<n
o o h « o h (s m m o >o o o o o o o m ^ c n
i i i
u ^ M ^ ^ ^ n c o o o o a2* Ofcfi^OHr*^oo>-<
i N i N O O O O n ^ ^ Ho o o o o o m m ^ « »
it; t
iNnavcniocO'ONtnH
- ^ o o o o s o m © © ^o o o o o ^ n w w m
i i
OiflQfnnr«o^N(Nn^ncoiN^noffi/iftirvo^iN^voioiflH - o o ^ i N r » O i n to © o o © ^ < ^ © < H * n
flSOi’ii/ior'Offln .^^CDO^^IN© 
f N / l ( N I N i n r i ( N ^ ^ -  - O O h J J i O M N ^ hCOOr*«*vo^fn^mm
t i D O W  O
u a jzu ©«-< u tn
IN  « J  I f l  <Nh  o  n  o  h  m  ... -« m r- ̂  ©  cm
XrMOr-iOffvO^Or-© ‘O U 0 d p © ® ̂  ̂  r- ©<  N A 0 ' 4 0 > N C l P > r o ^  0 4J a C f  C H r * o o i T l3 \ - H « r o v n o © ® © ®  o 0 u  .........OOiNitMninnoo 3*J‘D O' < •*a -C O a h.
t
n in h  m  n  «
 ___  _ CM ©  O  tO O  ©'-iinff>mm̂ mPMr«-o\ a 3 w*j £ © © «n © ■« ©MNNO>p»wcnnHH o d p o r* o  ̂ »o ono —•(T»o-*,M'©^r-o a o .© a u h o o o o o o
O O i n ^ o r > a ) n A i o  C  XZ u  O  CJ . . . . • •o^/i'Oio^i*i^nn —4 ±j d «-> < i i—  -  • i,
_  _ a omn ̂  ♦  in
r * f > » p > ' i n ^ ¥ n p « * i n ^  i n H n ^ i n o n A o a  © —* *-> *  - *  / i  in n  -< b  m
i s H O « m « B i n o N  s a i r » M f l o o s ^ o > - <  c  *•> d o  £  - o N i n o oo m m ~ H r N © ^ r - ® m  Q H n o M n m o i n N  a —4 -h • ■a O in f* in n «na©r»-4©e\©cMr»~M < o o o -̂ o o O ’-m o c m ^  o a h ^ n o B B On n n ’Oifl^nf n n  o o o o o o o o o o ©  u a u © u .........................  W C W  —  M <II I I I  3 0  9 * X
X














0 a  • 9
o  a U
•J u  c d
d 0
4J
0 o  w d
r - t  Q JZ
Q1
0 c  o
o c  u -—■
- 4  k4 H
■a w. 
o J c
 * a ©
T 3 £ a
0 ©  o ^ 4
U  - 4  3 ■a
a  u  - a
0 0 9




9 a  o J 5
a  u d
9
O JZ a
i S 4 J
» 4 u
d ■o 3
j  * a  c *0
c c  d •^4
0 d a
o • 9
—  c W







«_« c  u
 04J 6  O o
9 o  - o
O  9
>
U « u 9
9 -4 9 14
5 d  a d
0 C  Q
0  0 9
© u
9 d 9 9
- 4  -C
-O 4J





















































’P O ' o v — NO^in'O 
p -•'O®^r*p«»^«0or- X
gu<9b
0\ 01 A >H Ma* 9s «  o  h  h3 rs ffl h  i I 0i
O  O  I I t O  O  CNX r- O © O cnC3 v p' o  w  h  h  a
'0INfOP1flHI»OON,r'r--*-H^inN»<NO-aoiflp,* r » M n ^ ^^ff\'on'aiA^n(no X
g
CJ<9b
O PHo cn o -« 




H U0\o a r*® r» CN 0>CN a •J-om a a CD O 1 0 cn o 0





oH X O O cn (J < Q < a** cn < > u Q 0.0*a O 9b
O  •«* fNo «o© iO ̂  o ■«* in o in r-
-iNin *3xss
g g g  °u  a  cj w  < < < 9«• k h <
oe9
<
o r» a cn 
m  cn
-3<H




































O OoO IN O «-4 
O rn
o  o  3/n r» 
a  ^  r- on 
o  o  cn r» 
o  «  on n  
o  fl  in n
o h o o i o
O C D A « n  
3  ^  ON ON CN
o  ^  o  o  o  
o  ^  ^  tn
(0 o 30 P- © o r»a o O NO 03 3030o CN 30 O QOON 3o cn h  cn r* O ONo cn cn ̂  cn 3 o3 •3 3
A
o 3 ̂ CN O CN ̂ ON XCJ O UN >h o o 30CN ON 4o r- cn cn o r-CN 03 Wo tnO -4 UN 30o N 1 «Jo ̂ ^  ̂  ̂  cn CN 0• • • • ■ • ■ ON 0 X4̂ u£ CJ01 CJ <o O UN ̂ UN ̂  CO S3© •H> 3 © ON a 30 o unr* >. 44 443 0 0 ^ on r- o UN CJ 03 0 0 CN ̂  O UN 4̂ 0 2o r- un ^  ̂  ̂  cn 3 ON a0* -4 «j0 to 3•a 8< gQ
X 3 CN P*» CNO UN ON UN 0» ON 4< o -• 30 cn o cn o 30 s ON 0o o cn un r** cn cn ̂ NO H cn3 r- no h O O iO o •H • —4O UN UN UN^  ̂  un cnUN a. © 0• • • . 30 e^ o 4̂30CN 30 CN o^ o CN UNcn UD cn ON—» 30CNr-o CNCN 0-* CN «N© 4̂ON *4 1 -4ONCN CNON••4 ►4 0 < N « 0 0 ^  ON ON r- 0 •o• CO o o 03 r* onO P"* f*» UN© 54 1m cn CNcncnCNcn r- o 30 o o cn^  ON CN r*CN 0 U 44•4 o ̂  r* r* -4 CN CN 30 30cn 14 ■H 44o O UN 30 UN ̂ ^ ^ cncn 3 u 0. • • • • • • • • • 0 4•■4 0 U8 a oUN r»UNo cn UN X CNun e'­UNH CO a UN «• c. .en —«cnN1UNONo t X z o O UN 30 O ̂ O O O C B g (0 ©m  <n cn o <o CO H M o UN 03 ON <0 ON 30 m -4 CO •4 _4ON CNONONCNCNON 14 o O cn CD r- 30r- o un on r* Jt 44■ *J o <o n o  o h ^CNfflP ON 0ON CDo o o o CO 8 0 o «o 30 r» «c in^  ̂  ̂  cncn o o8 X > • • • • 1 4J CN0 14 aV c 8 80 >» HM 8 80 X U0 l 0u u 80 0 8 H 8-9 u a *J L4a e Ul a -u u 8O V3CJ< a < o 3 0 z h k o o m cj < a < o 0 O Xcj a & a o CJ Z CJ ■4M O U Q o- a. o o CJ X a k*





















o o o o o o o o o o
<n cn On (No *n r-. m 
CD O
I
o o o o o o o o  o a o o o o o
4 O < 0^  as
3 0 0 ov ̂
o o o  o o o o  o o o o  o o o o o o o o o
(*1 p* «<d a n f. ̂  ̂  a n o * oO H o
1 I I
o o o  o o o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o
o rn in ov >on oi -h n n>  as o  «n n  
9v —i ̂  ~  O
I I I
•v O cn a ̂
CN IN  M N  O  H  




o o  o o o  o o o  o o o o o o  o o o  o o o o o o  o o o  o o o o
c0 o o o o  o o o  oO' > o o o  o o o oa ov m in a no a o o o  o o o o<o — n» o  as ̂  o o o o  o o o o~ a a m no no ̂ *o o o o  o o o on m cn in <n in a • . .. . . •ov O o o o o o o• • . . . . . zi 1 1 1 1 I u
c0o cn inn cn ov cn am r* p.. io no a p* ■a X o o o o  o o o  o—1«n o r» ̂  *n o < o o o o  o o o a9 a  ovHOin<o« u o o o o  o o o o0Vcn o o o o o o C o o o o  o o o o• • ■ • • • • o o o o  o o o oi i III 1 U • • . . . . .a —Xs H »m O ov <n<n cn o ov f- u u aftovcn vras o o o in a U 4Jo o m in^ cn ̂  «o •-» 4 CPHincn -oin vp on o cn Z 0ONo O CNO O O O CN < £ o o o o o o o o o• . * . . . . . a 0 9 tn o o o o o  o o o oi i i Ill I x 0 o o o o o  o o o o3 a o o o o o  o o o o4 o o  o o o  o o o  o>. •J -H . . . . . . . • .•oOVIN O  ̂ -v ̂  cn r* a o -n 4cn CNa a v* ov r» r* no 4 *4 c■*O ONov —•q  o  in o h 3 -H 0m ifov inm a <n cn no O' C O'9\ CNo o < 3 0 0 0 0 o O' 4• T3 ^ *Hi 1 i 1 1 1 1 4 tn ■a z o o o o o o o o o oO' ■o u o o o o o o o o o oc 9 0 o o o o o o  o o o om tn o ^ « o o in n m o o o o o o o o o o oft CONO*o a qvovmcso o o o o o o o c o oa NO <o o r- m m vo -v o. 4 *Q . . . . • . • . . .■n r><OV in p n s - - m  h -> oo\ fNr*<rsio o o o o o 2 1 u• * • • • • • • . • a -• c1 t l t i 1 t 1 1 4Wl0 o a
a •i ao 4 ni* -H
3 9 -a Oa 4 M • az ►4X O O W U < Q < O o 0 Z *nx o O  a u < o < o** V)< > u a StBiOOU z CJ » H U S O U Q Q i O t a o u
<o










































N  O  h  91 i/1 Om <n tn -* * ©
o  o  i d  n  i n  o
2mq'00«)U<Q<0 -• «  < > u Q f l * f l - a j o u «h OW2><J3W(fl




o o o o o o o o ^ t n t n
t i i i i i
<  s  c o n  o ^ i n o i n  i / i m o
CU O w o i r t i n r - r ' » n H r t ^ ^r*/in«<0OiNO*onon O N H O ^ M ^ A H No o o o o o o t n t n t n m
i i i I i
CJ  r * n r « * n N N H r t ^ o OA* n O N n n i n n f l M N Nr«^HiO{HO<(NOHN
ooooootnm^mm
i i i i i i
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The lower left triangle contain* the reproduced correlation matrix; The 
diagonal, communalitiesj and the upper right triangle, residuala between 
the observed correlations and the reproduced correlations.
There are 0 ( .0%) residuals (above diagonal) that are > O.Cb
Oblimin Rotation 2, extraction 1, Analysis 1 - Kaiser Normalization.
Oblimin converged in 8 iterations.
Pattern Hatrixi
FACTOR 1 FACTOR 2 FACTOR 3
IN .66009 -.00472 .20002
SI .78079 .06978 -.05256
AR .14137 -.00950 .70916
VO .90806 -.06444 .01809
CO .66761 .05646 .06352
DS .06934 -.05526 .67669
PC .22571 .46651 .03022
PA .30370 .29764 .06282
BD .01659 .56412 .28084
OA -.02898 .83181 -.02792
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The lower left triangle contains the reproduced correlation matrix; The 
diagonal, communal itleaj and the upper right triangle, residuals between 
the observed correlations and the reproduced correlations.
Thera are 0 ( .0%) residuals (above diagonal)
Obilmln Rotation 2. Extraction 1, Analysis
Obilmln converged in 11 Iterations.
Pattern Matrixt
FACTOR 1 FACTOR 2 FACTOH
IN .69013 .01212 .12057
SI .71224 .10000 .10492
AR . 16113 -.00350 .67926
VO .01001 -.09700 .16232
CO .03650 .00020 .00716
DS .14611 -.02740 .57576
PC .35505 .43901 -.03094
PA .33421 .31773 -.01166
BD -.09779 .60045 .45939
OA .01202 .02220 .01936
COD -.00132 .03224 .57664
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There are 21 (38.0%) reaiduala (above diagonal) that ar
Extraction 1 lor Analyaia 1, Principal Axle Factoring
PAF Extracted 2 factora 6 Iteration* required.
Factor Matrixi













Variable Communallty * Factor Eigenvalue Pet ot
IN .64111 * 1 5.17708 47.
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t i i
( N r t ^ n < c r » t n H O O r »O ^ W O ^ H - O ^ O hN'OV'rf'ajHinajirtaootNOdot'oooOfn
i i t
iA<H<0'o^«oio<or»roco
9 ^ Q N 7 ) ' » ( N < O H ( O h.'lO^S'^.n^'OOONv^<nm'0^fN(Noso>r U<
i.
n «o «rt «h irt --* r» ̂  Mflffino'OOin
o o m « A H « oO ^ i N O O n n O
i ; II
& c
H m < C N r ' Q a H < o « i c
> » 0 \ o H ^ r 4 « 0 « H © © 0 ©^l/IOIxOMOfNO^l/l
or^inr^'cofnoooo
q x*®m>nor-ooo^fnO fN«in^or>me«DH^U o\r-*̂ 'op-p-«rt#,ni>i©r*n O O ^  h OO>0
o o o o o o o o o o f n
i i i i
n ( 9 t Hr > > Hi n o i ni n ^ f H N A A O O
N i n n A o m o i HAmcomioifiAoiO O ' H O O O O O
I I
« ^ r < > f n r « o n ^ f n H a^aoiMNP'^PHOia'f■#'Oi/i-<m/iva<or*OfN
ffiifin Anr>in9iaoo
H i n A H A O N I N < 0 « «NiNonanotfiNHin-<Oi^(N^^O«<OiO<N
o o o o o o o o o o f ni i i t a<
O O —•<N'OOP«*^ >offl^ors 9\ififn <o A ^ f n o n o i A  mtfiiAinoaOM 
f »©0 0% f* O O <N
:h o ;o o u c j < o < o • (o o u q q i Oi o o u
a vZ H « o o n u < Q < o  & -*<n<>cjQQ«cuaaocj H znfl:oo(no<•H©<>uoo<a«


















































o> aos ao >•< -• ji ifl r* ® h  n  ®
9t ffs
A H N
a A A i O h h nJ




OOiNO^^f^'NM'OiO/lajo^on/i^^nininOffV'O^^'fl^NNeNn ^ n ^ i f l O N ^ N i n
a>inn«ONar»in«A4 O AO(N«9i'0O« H
X  > M « 9 ) 9 > o n H 0 ) ( O O
o so o ̂O -«o a%
O <N
«i7<« OINQ(N(NO««
A  in O  »4 *h r» o  *4 o  in o\ 
X  a » ^ « ^ r * » ^ - n n a \ « o
p  f f > n o o \ m > > - 4 i f i i n ' 0 - 4»4 ■x(0<cor>i/1^tni>1^U>l
s ac 20 u*M <4J X




Z < M C S 0 0 O C J < O < O-tfloocaiflou
a a a222 
U  U  CJ 
















o r* o © o o O vo
O  IN
aa a in « O A f i  o cn —• o n  t © <0 *
o ̂  -h m o o r*» vo o <o m m o vo O r- o n  t n
o  «o vo o  oo 
o  o in vo o oo3or»^ 
O  ^  -4 <N <No  n  in n n
n o * 0 ( SNr*n^>^(,»ooaiaiNS>H(NtNio^ f s n n n H j i ^ ^ i o N<N«>fN>fn^n9noNN ^ o o o i N o a i n ^ ^  
■ n m m f n f i a f n f N f N f n m f n  <n
l O o n n i n o f H A H n■’i^a\in^O'00'?p'(NS>^^n»fneo-*r>oto©90nin9i<vi^MvoNH offv9i— ^ovB'oooin
S d t © 9t9v r * Q o © O O t
Z n 8 0 0 0 U < Q < 0- a i o o a i l J J O U
W o O in o  © in
Q o m r- <n fn
o rn p- © ©  vo O© rn Ot fn in ot o OV
o fn •»4^  in ^ o Oa a a a o-« o o
A
o o ^4 m vo m  r*> vo Xu o VC91 vO r* fN •"* in aH
o © O r-vO IN ̂ n La
o  © voVO O  in ^ p* 1 aJ
o m in m  4* o 0• a a a a a Ot 0 Z1*4 a
c u
d H
I j <o o 4̂O Ol **4 r- ̂  in — a> o  o IN in ©  ^  -• >• 44 %4
Q p» vO rn © in  vo ^ □ ~4 0
o vo NP o in  o t m d C
© p- in ■9 i n n * 3 O' a• • a a a a a 0* aJ0 © C*3 0< a> 6vO sX o p-* o t o t m © ©  fN fN 0> © «-a
< o © vo p» Ot IN al m  fN c 91 0
o h  o n © ^  r* m a4 ©
o o »491 Ot IN ■o o H a ^4
o vO m m fN in sn in 0. O da a a a c«4 § © 0© *4 O'
d
t-4 IH o  m in —4 »n in r» 0 •c
a o vO in in 91 fN O H d >. 1
o IN © r> 91 r* r*> vO IN Ot 0 aJ V4
o vO o VO ^  r -  © u VI
O  VO P- p- * ■9 fn i n m  t 3 □ 0• • • a a a a a a a
d Li0 0 *
S ©
a
X z o  o» o r»Of H in VO ©  ©  Ot s ©
o © CD 9%vo a4© VO vO ^  vo -~4 •4u o IN o o © VO fn ©Or* VI
aJ o i n VO ©  © Ot m H  H  Ol •*4 0a o p* vo r* vo 4* fn m in m  m o oX • • • • ■ a a a a a a « u -a«4 u ac 0 0
0 >a H0 0aJ z u lad 1 .J d
u 0
0 0 0u a aJ La
Q -4 u 0
0 z ►4s c o w u < Q  <  O a d SI
u cn < > a Q CU CU a  o  cj K 9 H



















<o r* so 
as tn O nas o
o o o o o o o o o o
OOOOOOOOOO O OOOO
O  ^  OS 
O  fN IN
■n ^  vo 
o  «n m
oooooooooooooooooooo
< O i A A O  
1*1 O  CD 9) J i Q h Q
I I I
Oi/lO^Oo en o o oO O O O O  O O O O O  
0 9 0 0 0
iinois*9 91 lO /I lO 
W  9  IN ft 1*1 
S O H I N O O O O O O OO O O O O OO O O O O OO O O O O OO O O O O O
o>
9 SO 4̂ 04Os so . • • • I •m soin cn^  snin r*so r-04 mos CD 9 O  1*19 o  o •-4 04•
1 1 1 ec0 o o o o o o o o0» > o o o o o o on ̂ *nm  osO* 9 a o o o o o o oos so ^  04SO 04 o o o o o o o-*■ OSr*so O  04 ■a o o o o o o o•*4 —•r- in snOs O -*o o o o 8
i i i *j
0o co rnSO OSr» 04fNtn osin04 m OS 04 T3 X 9 9 o o o o o o-a9 OS04*-» os-4 •*> 0 < 9 9 o o o o o o9 so O 04 ̂ o  m 9 O o o o o o oS «n -• o o 9 9 o o o o o o* • • • • • O 9 o o o o o o
' 1 1 1 1 a _X8 —4 •r*4osos osos <oo» —* 14 u aP4os<o m inr- 9 so OS a 4-1 uO INm <o m  r*o  o o c*N<oos o —« osco in X 8Oso -h rs o  o O  W < s M 9 0 0 o o o o o o a• • • cn 8 0 9 O O O o o o o o o o! i 1 t 1 1 z U *4 O O O o o o o o o CJC 8 O O O o o o o o od O O O o o o o o o>4 O *Hm o 9 ^ m OsSO H *o m u -4 Cm o 9 ^ «nsoso m 04 d VI cC4rv so ̂ osOS 9 so os 3 -H 0m C4rs 9 o -4 SO-4 O 3* C OS•—><n -H O o  o o  -• 8 OS O• • ■a «f «4i 1 1 1 1 1 a 9 *D O O O O o o o o o o < oOs *o u O O O O o o o o o o o os 8 0 0 0  0  9 o o 9 0 0 0 oo m OSOSr-* r-o  m r* o _4 «n V4 o o o o o o o o o o o^ — n o —• r-» in os04 r- 4̂ ■•H o o o o o o o o o o 99 — 9 OS ^  fn 04 -«o r» os a d -O • • • • • • • • • • • •«N r*l<or*<os —•l/l04 O ~4 « 6 w o3S fN <no o o o -« O d t *J• • • • • • a *4 Ct I 1 t 1 1 1 —4VI e u0 o a
a u a8 d -4U —43 8 'a L,a c U > Q aZ M ecO O to CJ < a < o 8 0 z m os o o sn u < Q < O < o— cn< > cj a a*Ot flo a X u • -4 cn < > U o a cu cn o cj O (J












































M f l  O  H  «  O-* * n  ^  ®  r -  o
IN ffl ifl N  H  O
; - S O O w u < Q < 0  ' U O U Q & f i i O O U U H a k t z x M s a a o a



























O O O O O C - * O v n < n ^





CJ > o f f i ' 4 ' 4 P * 8 S O O f f l r ,»r*Cu 00<^'OC89iino40l<>0m o o a ^ a h m o i a h
o o o o o o < ^ « N ^ f n m
i i i i i t
i/l r-r-oov^'Ooaoo^M©Q 0'ONHr»iflN^«n«\oimoooHooiNiNO ô iN>-4«-i9t409vtnfn«o O O ^ O O i n m i N ^ r i n
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The lower left triangle contain* the reproduced correlation mat 
diagonal, communal it 1eej and the upper right triangle, residual 
the observed correlations and the reproduced correlations.
There are 27 (49.0ft) residuals (above diagonal) that are > 0.
Extraction 1 for Analysis 1, Principal Axis Factoring (PAF)
PAF Extracted 2 factors. 23 Iterations required.
Factor Hatrixi
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The lower left triangle contains the reproduced correlation matrix; The 
diagonal, communal itlea; and the upper right triangle, residuals between 
the observed correlations and the reproduced correlations.
There are 0 ( .0%) residuals (above diagonal) that are > 0.05
Oblimin Rotation 2, extraction 1, Analysis 1 - Raiser Normalization.
Oblimin converged in 7 iterations.
Pattern Matrix!
FACTOR 1 FACTOR 2 FACTOR 3
IN .83622 -.04359 .03793
SI .79264 .04509 .04270
AR .26549 .02580 .56018
VO .90185 .01525 -.00618
CO .75992 .03206 .07451
DS .00891 -.05610 .79216
PC .13011 .51663 .08791
PA .24657 .36410 -.04601
BD .06579 .57071 .28972
OA -.11010 .94568 -.02367
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Analyaia Number 1 Liatwiae deletion of caeca with mieainy valuoa
I.abal Huan Sid Dev










Number of Caeea - 202
Correlation Hatrixi
IN SI AR VO CO DS PC PA BD OA
IN 1.00000
SI .72345 1.00000
AR .47999 .51698 1.00000
VO .77308 .76004 .54581 1.00000CO .66908 .70130 .47420 .79093 1.00000
DS .34065 .43153 .48767 .42743 .40256 1.00000
PC .46213 .45932 .39945 .49081 .46945 .32031 1.00000
PA .40548 .46377 .31290 .47304 .45163 .29567 .45504 1.00000
BD .47176 .50278 .57708 .51961 .46319 .35116 .62172 .43273 1.00000OA .36249 .32031 .41878 .32274 .30536 .27844 .59249 .38888 .62215 1.00000
COD .37091 .41231 .47702 .34677 .32605 .26869 .28793 .27762 .41239 .30796
Kaieer-Meyer-Olkin Heaeure of Sampling Adequacy - .90770
Bartlett Teat of Sphericity - 1213.9641, Significance - .00000
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o  Cl l/l C» M * l  O  »  85 N  U >oa>oin<oeoMnin,â -«r«.iNfNfNr*i/iask/ir*4OxiNN^oniN'OO'OO O O O - O V ^ ^ ^ m m
I t I
0 4 O
« £ 3Q (NCiioioa30i/iNcir»<N "O A> ^«<nNg«9>rx.a}ookO C -<^ w v ( N * * » i N ^ i f l a n 4  0 o • 0
iNNO^l'O^r'iOON^ -< O 4 Wu u c o  o oI I -H — H *Jo gy oU ~4 4 a
U  O'-* «-/0 c  cy 4 u -*« —H U —<
Z m o o i  p -^H^NCf l f iO <0 U 0 4< «^®^r»<N<o o *j o c
'f^'OOCHCO—*r«<p*-̂ r«4 CJ 0
( N Q i O i O O ^ o n n * *  3 *j ^ o»
o o ' f / i i / i c i ^ m / i ^ c i  'O .c o o
  0 O' O -<I U -H 3 *0
a  o *a 
o o ou u u  >
o a  oo a o .5
« « z  o, u  o-h i > N C \ M n v o c i o « « o  a  'oniNinr*«ifl'C«^H *^3 —®  o o c i ^ n i o H N H ^ i / i  O N r . ^ o ^ J ' ^ ^ O t N O  0
^ciioji tNOMOinNi/io cj N©«-t^o®mo'©<nin.-* s g £  or s n ' N O H H i f l ^ O C I ®  Ol’inuTC'’H'0'^'^<Nin C  JZ +J <-*ar»>nr«r»^^^v/irn<n Q © —« Q O O O O O O r 4  -h  *j c    4 * 0  3il II t <j *o C *0C C 4 -<0 4 4u a o~ c u0 4 0* * h  B »l **Z  q h h i o h ®  imn«iH<o < on^niN*c^r«*ifl«in O'-h *j  *
—« / i ' oo®o<o<o(Nnri io  o  - H i r i N O « « N M ,iN  c o a o
' ■ « « s i / i o  A * o i n a «  ^ i / i i / i H O H r t O ( n a \ n  a —< *h'OO'O^’r - O ^ f N O f N ®  *1m (NQOCI'| h h h CI -i C ^
o > o . ' i r ' i o < f ^ ^ ^ f n c i  0 0 0 0 0 0 0 0 0 * 4 ( * >  d h ^..................   u c uI I 1 I I I 3 0u g u ®M go o *a -* o o >U| « k4 0
0 ^ 0  u2 4 4 4
o c a  
-<0 0 o
O ' ua a o o o oz - a : o o « 3 u < Q < o  z m z o o (a cj < o <  o  sz-**z a
- > y ] < > u a o . a d o u  - « i < > u q o . c<o o u  h *a *j h








































•ooinr'CiflN^HON o o  inncir*»<N^M^N X a^r-wnr-O'O'o.^r-o
CJ<i.
»^r*r*^vK'6iOHr*in -<fsar*o#r*tN'0^« X NP-^iii'Ofi'«nf,*p»io p 0\nr»«irt'0^<NOinin r* sairt^fflnHinHHN< * ......
-.muiinin^Qo*—«<7*® iNOf.ininoinor.^^
oo'ocico^^tiiinn^ = 8
o  <n 
o  *n 
o  r -  O <N O *0
Z H S o o t q u < a < o- « < > u Q i o . a o u
a
Z h K 0 0 « ] U < Q < 0N » < > c j o a . c . a o u
*  x
88 u u££




































3 o « n i A N N N S o « o ia © p-in^ osso^ i n s o c o
3 0 0  INOtf'O
O O O O O O O O r - r - - ^
I I I I !
< ®-4r-.so<*i"-*0<N^son
CU 9tr^^OCO'OINQn>H>d
o o - i o o o o m i n ^ mi i i i i i i
CU N H O * 0 < 0 ^ O N H r > i A  os<N«o®*o^or-'r-«n'0 -4©*oiN^so^r»©soi*i 00-4000'0'+'0<4*
I I
<n A<n«OCOCOOOAiAOq  ^^r-minin^r-r^fNO0ttASin»A^^<^'oav Ninr«r>«3NaiflHHO H o o o o n n n ^ n n
ii II
m  i n
-* IN<n so
O i N O o c o i n s o r ^ r ^ ^ i n  
Cj 9 v ^ > A O ( n < - t r » 0 \ < N r » ' O  ^©r-^osiN^^or^iN
© O O O r - ^ ^ ^ ^ f N i nlilt
n os
-. o n -•
O  ( M i o ( n r > ' « ( * s r ,4 0 ' 0 0 s A> « o o  iflO
H i n n ^ o o « A ^ O No o o o a j i f l v ^ ^ N ^
i i t
Z  ( N M i x ^ H n a j r - ^ ^ ’O< r-in^so^os^sommr*4 8 i o o N o n 9 t « i n A
i i
O in m o osIN ®  O r- inn m so m IN o •x <o © in IN Uz CO sO IN i n  in SO os m *T 0p -H IN © so SO inr* os osIN IN *J 4̂INm n o m m o m o m SO «-4 CJj • • • • • • ■ 0< i i l i i bj* X•>4a uu «Jo 0«J > ® o IN r*o © p* IN © © © Xcj -4 © in m ino © so ■o©
Q O m inin m IN OS m SO r- «4 © IN O p*>os Oso © r-1*1os s<w r*»m «-tm Os r» •O o •-4 o r» -4 IN © f*1 sn IN N* osm SO 4̂ 0z -"1 m SO IN H SO **o o a P-*<n© r* m so m r* r-1*1IN p OsININ Os r*» o (N SO 4̂ m c • • • • • • *Ja r- a r* in r- SO r*so in 3 0•j o -4< a 2 0*3 CJ a u9 CJ u*J X «j 0J —4 a CJ
QM *J •J 3«J a O 0X Z •J 0 CJH cn 3w acj 0 a 0Z a ■■H
'J a 2 u a aa Z *4 Z O O cn cj < c <  o -4 a z ►4 Z O O cn CJ < a < o s
j* cn < > CJ a  cu cu a O  CJ i . > *4 © < > CJ a cu X a O CJ z




Z h K 0 0 ( A U < Q < 0H ( Q < > g Q 0 « | 3 . O O U

































o o o ^40c n o -400000000
1 1 1 1
CU -><noornm«o<-*
nHrtO-<NOiflo o o o o o o c n
t i i
U o « ( N n s 9 i A H  
CU « A r » 0 9 i n n oOOaOO«-*cN0
O O O O O O 0 N *
I I





0 in o o
91r—cn cn■no 9 cn
<n44in0 0 in 9»
-4 44 o _4 o a in9
o o o O  f* cn 1# 9
o> N O N  
a ao «*
ffinoNQ^com
O O O O N « « «
I
a -« a **
> O  N  INS O i/io ... 31 0
u
in«N-<o^i*i(No n n i n A O M N AO H M - 4 S O N C O
o  N N n < o r * f t N  © o a n 0 0 < n m
i
« 0 U
o r- 9 o 0 a u 0'o m «n r» p» cn a a CN cn
® o GO to 0 0 91 ■ ci
-o 9 9 n o Q
o o 44 o o m a cn fc*• • • • • 3 K
t 1 1 1 i 1 *0 44u
a 4J
0 O 0
u 0 > CN CN r— CN 9 91 in 0 a OS z
u •J *4 44 CN in n r* 0 44 a CN cn
« 4. 4J 44 a 91 CN r- 0 9 cn 0 CN cn 91 e
CN 44 CD CO 44 a cn 0 X ~4 <0 CN P- in o 91 CN ■n r- cn a 0
® o CN CN r* 0 cn o Q 0 0 r- a a p» CN 0 cn 0 0 CN 44r» r»» cn CN m 9 • «J
9 cn n 91 ® 44 9 0 3 0o o o o o r- 9 <n •J• a 0
i 1 i i 3 u 0 14




0 4J Q 0
U 4J 4J 0 CJ
a < a 44 3
a 3
a ftu -4 0 0L| < d 14
Q 9 a. C W Q a
O cn CJ < a < o — 0 Z 44 « O O <n CJ < a < o 0
cj a cu cu o O CJ H h. > *4 cn < > u Q a. fl. a O CJ X
«INCQi09S^e'0r * ^ N O O ^ ^ ^N A O o n t a NfNCNma-4 4 4 0 ^
iNo\n9t(NuioioH«o\ino«<C'0Qin<OAr>inoDO'on0 0 ^ r - 0 c n 0 ^
z*-»fleoo<ncj<n 0 ] < > O Q Q iQ«














































































































































c ao >»Ql H
X2a<h.
9 <n inOn r* m inin p-p-<n NO ONNO inON•n <oo inVO 9 Onr- in9 m r*fn 04 O r» inOkoO  * ONo O cnO O CNo cn
r» irt r* ̂  r* O
H ^ n o c o r *  
<n a cn r» o 04in in on n  in in ̂
<ocooi/i^nH 
O  IN C8 f l Or«» on r** o on O on« 04 04 •«* o ©
©  ©  O  O  O  O  P«4
I t I
a c0
fl a a a ■o u-4 4->
X2CJ<h.
o<NOr»inin(N^-«mr«.>o
/i-i'oo«fO<7Mnr*r'Os^ H O M Q O l O i n  H H H  oooooor**m«oaj-H
i i i
n  p» oi ffufl p* n ^  aj in ̂  o  n  ̂(*1 © 04 ON 04 04 voon on o on r* n© p-■+ ̂  in ̂  ̂  cn r»






£3Z < H S O O C 0 U < Q < OH t o o u a o i a i o o u
r- »n in « —• ̂ifliO «  o  n  ̂  p»1/3 co o io a  <o n-4 ̂  i/i <n m  in ̂ooinoso^in
ZHfiOOoiUh w O u QO.




































































C O P -  0<N\0 
O  P- «%o in c\ o n n
XXX
9 9 9
R eproduced  with perm ission o f the copyright owner. Further reproduction prohibited without perm ission.
APPENDIX D
COMPUTER PRINTOUTS FOR QUESTION 4
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PACTOR 1 PACTOR 2
PACTOR 1 1.00000
PACTOR 2 .70444 1.00000
Hupi oiiuucni Cot i ni at ion Malrixi 3 ioclur SolutIon
IN SI AR VO CO
IN .6 2000* -.00350 -.00693 .00329 -.00092
SI .59673 .59597* .00460 -.00414 -.00089
AR .60500 .52605 .67571* -.00271 .00889
VO .63974 .64575 .54153 .71258* .00317
CO .59659 .61619 .48411 .68001 .65604*DS .50953 .45784 .55190 .46735 .42737
PC .38903 .39689 .36271 .39676 .39183
PA .46229 .45154 .45351 .45702 .43951
BD .40564 .40708 .40850 .38572 .38381
OA .36086 .38426 .33462 .36278 .37283






CO -.00094 .00342DS .00731 -.02832




The lower left triangle contains the reproduced correlation matrix; The 
diagonal, communalitiea; and the upper right triangle, residuals between 
the obsorved correlations and the reproduced correlations.
There are 1 ( 1.01) residuals (above diagonal) that are > 0.05








































Obl lmlii Rotation 2, Sxtractlon 1, Analysis
Obllmin converged In 13 1lotalIons.
Pattern Ha11 1XI
FACTOR 1 FACTOR 2 FACTOR
IN .52892 -.00849 .34508
SI .64457 .09259 .09848
AR .18034 -.05727 .72871
VO .81771 -.00232 .04175
CO .80818 .07737 -.06951
DS .15827 .09213 .50344
PC .17297 .47664 .02834
PA .20389 .36640 .18266
BD -.01015 .68319 .10123
OA .02372 .78787 -.07856
COD -.06849 .21903 .31248
Structure Hatrixi
FACTOR 1 FACTOR 2 FACTOR
IN .74884 .50373 .68450
SI .76186 .52206 .57438
AH .62220 .48691 .81156
VO .84357 .49220 .57305
CO .80730 .49914 .50377
DS .53911 .48741 .66226
PC .46497 .59305 .42927
PA .53316 .59388 .53707BD .44788 .73859 .50778
OA .42469 .75397 .41335
COD .26077 .36869 .40032
Factor Correlation Hatrixi
FACTOR 1 FACTOR 2 FACTOR 3
FACTOR 1 1.00000
PACTOR 2 .57389 1.00000
FACTOR 3 .65145 .60475 1.00000
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APPENDIX E
COMPUTER PRINTOUTS FOR QUESTION 5
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Co m  fa 1 at. ion l-talled Slgnif Icanca Matrix! 
' . ' 1b printed for diagonal elements.




VO .00000 .00000 .00000 .
CO .00000 .00000 .00000 .00000
DS .00000 .00000 .00000 .00000
PC .40629 .01446 .08043 .36410
PA .02346 .00004 .00000 .00003
BD .29793 .29889 .00120 .12346
OA .36615 .28701 .02180 .49707




Extract ion 1 for Analyaia 1, Principal Axis Factoring (PAr
Initial Statisticsi
Variabla Communallty Factor eigenvalue Pet of
IN .38112 1 3.41765 31. 1
SI .21647 2 1.78708 16.2
AR .37942 3 .99877 9.1
VO .45210 4 .93664 8.5
CO .40807 5 .73479 6.7
DS .40391 6 .69955 6.4
PC .21582 7 .64003 5.8
PA .20444 8 .49068 4.5
BD .28715 9 .48309 4.4
OA .33603 10 .46763 4.3
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FACTOR 1 FACTOR 2 FACTOR 3 FACTOR A
FACTOR 1 1.00000
FACTOR 2 -.01402 1.00000
FACTOR 3 -.62 741 -.07659 1.00000
FACTOR 4 .22084 .24151 -.22316 1.00000
Extraction 2 for Analysis 1, Principal-Components Analysis (PC)
Oblirain Rotation 2, Extraction 2, Analysis 1 - Kaiser Normalization.
Oblimin converged in 14 iterations.
Pattern Hatrixi
FACTOR 1 FACTOR 2 FACTOR 3 FACTOR -
IN .69426 .00901 -.20921 -.16917
SI .70986 -.11918 .32608 .21011
AR .27832 .23553 -.08691 -.58950
VO .79479 .01423 -.04330 -.03303
CO .73352 .01777 .03549 -.06791
DS .39762 .13956 -.07627 -.54034
PC -.04394 .38289 .65555 .00569
PA .11049 -.04812 .70076 -.28296
BD -.06850 .85747 -.09454 -.09473
OA .03580 .78934 .24651 .15953
COD -.07802 -.16285 .26344 -.82855
Structure Hatrixi
FACTOR 1 FACTOR 2 FACTOR 3 FACTOR ■
IN .72879 .03127 -.11836 -.40769
SI .66998 -.06527 .39190 -.04025
AR .48634 .28729 -.00695 -.70423
VO .80181 .04925 .05608 -.31262CO .76258 .06198 .12894 -.32873
DS .58511 .19409 .00547 -.68945
PC .05178 .45668 .69461 -.03131
PA .29308 .06210 .71756 -.34008
BD -.00638 .85109 -.00003 -.13861
OA .04670 .80652 .33772 .07376



















FACTOR 1 FACTOR 2 FACTOR 3 FACTOR 4
FACTOR \ 1.00000
FACTOR 2 .04697 1.00000
FACTOR 3 .12164 .11644 1.00000
FACTOR 4 -.35203 .08279 -.03169 1.ouooo
bo low 00 without PA
Anti-Image Correlation Hatrix i
IN SI AR VO CO DS PC BD OA
IN .84660
SI -.13016 .86172
AR -.25918 -.02318 .80091
VO -.21786 -.17759 .08573 .77104
CO -.10175 -.06182 -.15315 -.41120 .80660
DS -.14267 -.08413 -.27587 -.16896 -.06759 .84761
PC .01375 -.12798 .02643 .05767 -.02930 .01977 63381
BD .10550 .09866 -.14604 -.12630 .11669 .08225 .09541 .57795
OA .02237 -.02043 -.04753 .06677 -.09274 .01248 .32073 -.41045 .57097
COD .00358 -.00577 -.14417 -.06465 -.05273 .21663 .15520 .00450 .13373
Hao.uren of sampling adequacy (MSA) ara printed on the diagonal.
Initial Statiaticei
Variable Communality * Factor Eigenvalue Pet of Vor Cum Pet
IN .37250 • 1 3.24437 32.4 32.4
SI .20679 • 2 1.75334 17.5 50.0
AR .36411 * 3 .94709 9.5 59.4
VO .44731 * 4 .87722 8.8 68.2
CO .40509 • 5 .70415 7.0 75.3
DS .40320 • 6 .64198 6.4 81.7
PC .19747 * 7 .52143 5.2 86.9
BD .28076 ‘ 8 .48879 4.9 91.8
OA .32447 • 9 .46789 4.7 96.5
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l»AF Extracted 1 factors. S Iterations required.
Filial Statist! o«i Communal It lea
1-Factor 2-Factor 3-Factor
IN .45924 • .4 76 35 * .46275 *
SI .49614 • .51606 * .51361 •
AR .30146 • .29350 • .54782 •
VO .56824 • .65487 • .71414 •
CO .41800 ‘ .43418 • .46324 •
DS .19599 * .19291 • .2(464 •
PC .12132 • .22309 • .23368 •
BD .20006 • .52313 * .51812 •
OA .08694 • .49234 • .55518 •
Reproduced Correlation Hatrixi
IN SI AK VO CO BO OA
IN .46903* .01942 .04654 -.00816 -.04253 -.00352 -.00840
SI .50356 .54063* .01762 -.01961 -.00619 -.00995 .00831
AR .34310 .36827 .26717* -.03457 -.02516 .02627 -.04790
VO .56194 .60336 .40115 .67931* .05342 .00336 .00472
CO .45104 .48425 .32815 .54148 .43394* -.00698 .02558
BD .24487 .26234 .28259 .23007 .22402 .78889* .00643
OA .13324 .14270 .16230 .11996 .12095 .48381 .29744*
The lower lett triangle contains the reproduced correlation matrix; The
diagonal, communal Itleaj and the upper right triangle, residuals between
the observed correlations and the reproduced correlations.
There are 0 ( .01) residuals (above diagonal) that are > 0.05
IQ 120 and above QS SEX BY AGE
GROUP TOTAL
8VRS 9YRS 10YRS 11YRS 12YRS
SKX
1 162 113 55 24 14 36844.04 30.74 14.94 6.54 3.84 100.04
2 155 94 43 26 4 32248.14 29.24 13.44 8.14 1.24 100.04
TOTAL 317 207 98 50 IB 690
45.94 30.04 14.24 7.24 2.64 100.04
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The lower left triangle contains the reproduced correlation malrixj The 
diagonal, communal ition; and the upper right triangle, residuals between 
the observed correlations and the reproduced correlations.
There are 1 ( 2.0%) residuals (above diagonal) that are > 0.05
Obilmln Rotation 2, Extraction 1, Anal yule 1 - Ealeer Normal1xatlon.
Obilmin converged in / Iterations.
Rot.Lorn Matrlxi Structure Hatrlxi
KACTOR 1 KACTOR 2 rACTOH 1 KACTOR
IN .5587 3 .02967 IN .55931 .04069SI .44304 -.04930 SI .44207 -.04056
AR .27707 .18129 AR .28065 .18676
VO .77349 -.13154 VO .77090 -.11629CO .40839 -.16389 CO .40516 -.15583
DS .26814 .23346 DS .27274 .23875
PC .06602 .25677 PC .07109 .25807BD .01180 .69288 DD .02546 .69311
OA -.12099 .52070 OA -.11072 .51831


















IQ Above 119 PA, CO, PC, COD Rumoved
Kaluar-Muyer-Olkin Measure of Sampling Adequacy - .b1386
BartleLt Taut ot Sphericity - 492.40170, Significance - . uoooo
Thera are 16 (JB. 1%) ol f-dl agonal elemunta ot A1C Hat!lx > c c VC
Anti—Image Correlation Matrix!
IN SI AR VO DS BD OA
IN .67303
SI -.17922 .66229
AR -.13607 .06855 .60955
VO -.30680 -.26508 -.09141 .64541
DS -.06178 -.00381 -.22497 -.10926 .67525
BD .02598 -.01669 -.13976 .01779 -.08331 .51579
OA -.05038 .00523 .07435 .14392 -.03479 -.37915 .50147
Measures of sampling adequacy (HSA) are printed on the diagonal.Final Statistical Communalities
1-Factor 2-Factor 3-Factor
IN .35378 • .34386 * .34149 *
SI .18706 * .18368 • .28659 •
AR .08849 * .13028 * .45150 •
VO .49757 * .51737 * .49969 •
DS .08269 * .13342 * .18628 •
BD .00001 * .54103 * .35145 *
OA .01277 * .25731 * .48168 *
PAF Attempted to extract 3 factors.
Oblimin Rotation 2, Extraction 1, Analysis 1 - Kaiser Normalization. 
Pattern Matrix*
FACTOR 1 FACTOR 2 FACTOR
IN .52684 .01543 -.13643
SI .56353 .02946 .11541
AR -.04321 -.03646 -.68933
VO .64172 -.12313 -.12143
DS .09354 .07448 -.37700
BD -.01965 .55218 -.14683
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APPENDIX F
COMPUTER PRINTOUTS FOR QUESTION 6










(N PI (*1 H H co
CuDo




O >h (O ''I ̂  9t
0-3a>4
H
8 a»-* -* a
-4<
'ON^iAroOHp'flDiAa i/^r-'orNpxDOaor-—«o\ mco-HaDr-r-ajosHOir* 0^AN(NO0<0iA«0<0
N M N N N N N N N N N
♦  N«JO Mfl A O < O < O 4 O < 0 O O A  H i A H O d a u i O N a a  in<o <o o p '^<o o ^<ain O O hi/1>0
i^niN
aZ N 2 0 0 < O U < Q < 0  n u ) < > O Q  & O . Q O U























◦ 01 O -i O Oo m o o
O 1/1 fN a  vo ̂o © r* 
O  o* ©  
O  pi
04 04 04-non© © p* B i/l M n  m  -4
i i
O 91 i/1 i/IOAfflHo o* ̂  r* 
O  —• 04 so o o a ©
-* t i
h n  h ^ os 01 -491 N  ̂  o  
04 Ol ^  ©©  ©  o  ©
J
O O H N O  o o r- —* r*
a  h  ̂  n i*io ^  o IN f*1
a o (N 04 o
-4 I




o tn ©  <n r*i n © r*» 04 © o© 91 91 ©  SO 04 a O  IN 1*1 IN O O© O* O  r* ©  m © ©  04 ©  *9 91 ©© 04 1*1^091 o 91 Oflifl O  S0© o O  ~4 O  -« o © 0 * 0 © 0  0-4. • • • • o • • • • • •1 o o 1 1 1 1
A
©  vo 01oi —* m  © X c ©  r* 04 ̂ 04 04 -4o os m «Ci/1« •9 w cj 04 ©  04 ̂ © •■4 0*o 91 m  os so u m  ~i 91 O o* ©  ©o 04 in ©  04 04 m 9 1 4J o* o  #n o* 4f ©  ©© o ©  ©  -. o © 0 0 * 0 0 0 0 o  ©0 Z • • • » • • •i t CJ 1 1 1c a01 CJ <O r* <n 04) HI 1*1 o VO tn r* oi m 04 r* 9i© Q 91 © ^  04 a  © >. *4 4-1 > r* CD v0 o© r*»04 P* ®  ̂  © CJ 0 91 *r © O  ̂ —4 o  ©© »n 04 so 04 ̂  -4 o c »4 ©  -« 04 ̂ oi -4 ©© 04 o o  o  -4 © 3 © a p* m  *-<o  o  o —4 O• I • • • O' »4 4J • • • • • • •1 1 s © e i i 1 1
TJ 3
< 6© 9o 04 o in o ©  r* in 04 © m —i 2 n 04 —'04 o  tn oo © 04 19 ©  91 91 91 c 91 0 < o  n 91 © o* ©  © o  r*© © l*1«f IN o 091 9lffl91*» 91 0  1*1o m OS ©  ©  ■» © r“4 -4 •4 O* 4̂ m 04 O ©  04© 04 m o 0 ^ 0 - 4 Q, o 0 o- © O  04 O  O »4 o  -*• • • • • • • in c • • • * • • •1 04 0 1 1 1 1 1 i© c*044 1 •>4 XO  04 © o*© ©  91 *9 04 0 *a —4 *4 ©  o  m 04 —<04 04 91 91 ©©  o* m m n in ©  ̂  r* © >» i u © n f 4 9 l 0 0 9 1 0 © 0 9 1o 04 91 m <n •H o» o  © c *4 44 4J VO 91 O h O*OI*IO r*o 91 in o  04 in -4 u 44 0 © 4̂ © r-t o ©04 © o  ©  ©  © 3 u 0 z 0 0 0 4 ^  o  o  o  o  o  o• • • a —4i i 13 U <•»•» c 1 1 t 1 1 l0 9 0z © •>4a. •o «»491 © H 9S 91 04 —4 04 © © © 0 z 04 VO 91 «-40  1*1040 ©  tn© © m XI n ■*r04 04 P* 01 04 H O  10 ©  ̂ 91 04 ^  91 91 04O m © 04 0*1m © in o  ̂  1*1 44 9 91 m P** O 91 04 04 04 rn ©o © r**O O  rn 1*10 04 04 o U p* © ^  OI 91 © *4 *4 #•404 ©o m 04 ■*rOl 04 o  o  o  o o a U r» H —1 04 O  O 4̂ O  ©  ©  O• • 1 u 04 0 • •1 1 Lt a cj r 1 1 1 1 1 t l0 o> 9c 9 ©z 4J u 01 4J 0 CL* 90 9 ta ±j U -4a U 9 4_> az H 2 O O n a <  a < o 0 0 c z *4200 © u < a <0-*cn< > CJ a 0* 04 ©  O  CJ 2 a H < ■N© < > C j a O * 2 A O C J
cro■o












































O  O  O Q ◦ Oo oO  ©
ii r- in ii «n 
a  <n ̂  tftriw IN <N O
fN O  O  r» O O O  0»o o o  o o o o  «o o o o  -*
<o in m  o39 M  O  A O  ii O  Ol Oo o o 01 o N H o n o
«  <o 10 1*1 r»
-4 oo *•« ̂  ̂  tno  ̂  ^  0* o  oOlflO ̂O  O  O  fN o  o U ..................a. <Nr>AS9<onAino«oi Nn«tfi<OM^aAAO£
O  O  ii ©  p- 'H oO  ©  .-h i/i Q  ©  iiO  O  ii f’l m  O  IN
O  ©  O  <N O  O  ~4o O H o n o n
I H C O O I N O ^ H Q




iiooiNp-^r-voii Q’fOO^ouii/ifflH oOOOO^^tfvr-O UO O O O i 1 Q O O « O 0 t  O O O O O h*<NOCN
■ O A  O  H
9 O O O O M H 1 « « C 0  <O O O O O O f N i l v o ^  O0 0 0 0 0 0 0 ^ * ^ 0  O O O O O O i A h i o V  0 0 0 0 0 0 * - - < 0 < N < N







> a : o o i o o < a < o' « i o o Qa.fl.oou
Q< oO (J z h k o o (o u < q < oHU9 0 U Q f l . f l . O O U


































•°0° I j I I i j I I I t I1 2 3 4 5 4 7 8 9  10 11































Q 8iflP(OH«Oni/1O02 mmo^9v0^Oknr>4«oo— r>*/\rta3«flOH®r^
o o - * o o  — - * o o o ©
o »n to e o» «*i r-o  in \fl h  n  n  ̂ifl n  O p* ̂  ̂  nIN h  o  n  o  oo o o  o o o o
I I I I
-*®oor'*r-fn^vo'Off\
B^<Nf*“iiN^fn^r->totnOf*’ifN^ninr*ioooo0 0 0 0 0 0 ^ * 0 0 0 0
t i
r* ©  a  ®  ̂  ^
< 0 * 0  IN H  to
r- ̂  <n <n *  cnO  n  in h  ui iA mo o o o o o -•
i I I I
9'JlOO\CO^‘H r'f^WO5 \ « i O f N n f f > ( N P ,* ' H » 00 0 < N ^ O O - * © - * 0 ©o o o o o o o o o o o
I I I I
-n in o  r- ^  ̂  osaa in h  9  (n in ^




O O p n O O —* O O 0 0 O
I 1 i l 1
r- ^  in o  o  *o »op - o ^ H o n ^  
h o  m a  i i t n o  H ̂  to r« in aa co 
o  c  -* o  o  -* o
I I I I
m9t«<oQtno^oo<0' O P ^ m p ^ ^ p n r x o ^ f * ^"NNCo*nr*«or»tnr»aiNPxln<,T»in(nin^n
0 © 0 0 < N - * 0 0 0 0 0
I
ai r> aa ̂  ̂  to in
h  ̂  a m  r> a  <hr» r- os O r* *o *o
h  h  i n  >h  at in i no o o o in «-* o
I I
O  H ^ f l - H N P * i n r > r ,> < N W> irtp*oiN(n^in"aH^o9 O n O 9 i N n « i N O i 0  o ^ ,noeso©tn®r»in 
O O O ' O N - f N O O O O O
r i
o o  n  in r* pi o  o  r« n  in o  O  <n 
in in in o in pi ao pin ̂  m f ̂
O  O  O  to ^  fN O
I I
© *o *T<ntn in e  in ©  *oto tn<n at o  n  in ©n Os p*«»r* inn O tO Ot 1*1 toPN p-n © os<N ^  PN 1*1 PI (No O —*PN -*-*o o  o o  o
0o»0
■a
919191^ 9 0  9O  01 H  Cl ̂  fN INo» *o to os tn ̂  -n
h  *o r> <o r* <a aio o -* pn —* -* o
I
mnr^^ino Hioinny 
- < ^ 9 ' a n o H i n 9 f f l ^  
in r* ̂  o in in p* *o ̂  «  p*iN>oao>>ni*iin^n0<N<-*^J*fN<-*00000
I
Q iNiflvoniNnai^^^^C  ^PN©r*<nr«**o(Nr*r»PNCj 0t0inNO8HiNAi0in 'Oininp'Hio^r-inino 0 0 - ^ 0 0 - ^ 0 0 ^ 0 0
I I I I t
r- o  in at r* ̂  n<n os r* in h  in i*i
o  at w  in in in p *1*1 <o p* -  o  Ifl 1*1O N H ^ I N H O
iN0i(Nfi^oiniooH9A O O O r ' 0 9 n i A ' O tgmingiN^io^ioin^*inN^i*i(NOOOOO
i
< tomanimoHciinAinO  ^0ip*0s®c<^^pis^in«nai*>inesiN©in©*oi*ioOM'i*in^900o o o o o o c N o m o o
i i i i i i




9  n  O  *0 0  9  9
r» r» co r- ph non  in n  9  o  n  nP* H  1*1 M N  H  P*
1*1 n  in ^  n  pn o
: h i o o w u < q < o  • c n < > u o a * o * f i o c j
a:h q s  o o «o o < o < o< 9 < > U Q S * 0 . 9  0 U
■o0uaoX 2 m  (SO O W O H t f l O U Q D i




















































































































































































3a —ir-o^fNfn^^oO^ >NOlOl,1iAOO'0>^N iNOO<NOnHOi*tifl4f
o o o o o o o o ^ f n - *
i i i i
< m^oiNr-inoo®*-***£ iNr»tno<0<4i/i<riflO<D
^ C D H « « 4 n r » A ^ o r »  
r ^ 4 n m o ^ o ® < N ^ < N « *o o o o o o o o o o o
i i i i  :
CJ o f  ifldOOrfl irto
/IJIOMNOtDMrflffiifl(NfNr<(nnfNa3lrt<-*f'lfNO O O O O O ^ O r M t N O
I I I
aa /iiruNvflffl^^np*rtiN a H n N f l H A A H H i A i o  
o \ f f l i r » ' OO t f » ' OP - ' 0 - * o  00«<0(N9\004r»09s O O O O O f N O O ^ O —4
I I I I
O r»^o^ro^r^<oo®»nU no\n'6jiflH««oiNo•4r*r»r*»r*»<N<»4p»r»ao
O O O O M — O O O — O
I I  I I I
IN^<O(S<OH«OH^fl0in
H H * 4 ^ < * i r 4 i « > r > o ^ O
O O O < 0 « N O O Q h q
I I I
X O'dONHNioiN'Oi/ir'X n®OOiA^CI009ltflA<0 9)H(N<0l,1r>**0«A <nNnin'OHONp'»4» o o n i N H n o O H O H
i i i
o  ^  irt wj -•  n  r<»  (N o o  o  <o 
o ^ o o o o o
I I I
«-« *o r» r-
— 4 r** vo <n c* -* IN(N o  O' «  l/l
O in O' 4̂ (N «0 A0 0 0  0 0 0*40
t t
Z M £ 0 0 < n c j < a < 0
- * c / j < > u a a . a . o o u
a3 X*a -4—4 Ua 4J9 0Li z
c* 0o
mio 0m C <-«•*«» 0 9Ur** 43 U_h 3 0CJ0<0 T39 9
u u o
a 03
9 0 0U 0u9 h. a1 9H m X
mr»*®r40fNr4r«4p-'0® QjiNifl04P*H(nM^« OiNintf'O^^^or-'Op- cjxoinnoiNS'OH'ON 
0 < N - * ^ f N ^ O O O O O
I I
<N®~4r*®^Ortra»-*tn <o t - n o i a j ^ i n ^ m o i o  or«*O'04f^^(NO0'inp» ajnHQiNoiHioiMN >4fnniN^m^4#-*oooo
2  N ( S 0 0 « O < O < 0  H i f l o u o o i b a o u
n i o ^ M n H O H c o o i o'Offliô i/iiO'4<fioiOr*
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Obllmln Rotation 2, Extraction 1, Analysis
Oblimlu convargmi in 9 iterations.
Pattern Matrixi
EAC'TOH 1 EAC'TOR 2 EACTOH
IN .59654 .0/751 -.09380
SI .544 35 -.00111 .01591
AR .23470 .02170 -.51532
VO .79744 -.08627 -.07272
CO .54373 -.08704 -.03615
DS .20131 .03728 -.48839
PC .11312 .40099 .09184
PA .10866 .06933 .11490
BD -.03758 .59338 -.29134
OA -.18427 .62402 -.00349
COD -.07091 .04052 -.40757
Structuro Hatrixi
rACTOR 1 rACTOR 2 rACTOR
IN .61081 .13953 -.13570
SI .54315 .05393 -.02122
AR .27207 .05340 -.53167
VO .79364 -.00417 -.12583
CO .53735 -.03127 -.07193
DS .23843 .06518 -.50270
PC .14758 .41108 .07800
PA .10786 .07861 .10643
BD .04256 .59401 -.29783
OA -.12066 .60536 -.00044
COD -.03897 .03954 -.40335
Factor Correlation Matrixi
rACTOR 1 FACTOR 2 FACTOR 3
KACTOR 1 1.00000
FACTOR 2 .10156 1.00000
FACTOR 3 -.06825 -.01526 1.00000
Q6 IQ above 114 PA, PC, COD removed
Kaisor-Meyer-Olkin Measure of Sampling Adequacy - .71260
Bartlett Teat of Sphericity - 1060.08110, Significance - 
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APPENDIX G
COMPUTER PRINTOUTS FOR QUESTION 7
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Ô  44 AX
in cm o
CJ r- ̂  fN cm2* n m p» m•O «N ̂  CO 
O PI 'fl n
a* O ~« ©
I I *J os os m o  o 44in p» ooa. ^ P O O f t P P I f t i f l OCO m r-* O  r- CD PX **!n so a f* a a 9i O2 Os a* -p a  O £ >4o ph os n  o 3*x n o o n CJa o « o n •H1 1 oc u3 d3> >o O  -O O  -+ N* -4 d f t O V px 44 44 AX px a;j o  OS rx r* r* n •*4 *»x • • • • a •OS so os o  n  so T3 0 ^«npx as OS a  a a n  ̂a  in ax r» a  n AX
o  o o  o  o  o 9• • • • yi < i 2*
C0O OSa  os n  ax o  a 9> a ^  «N n  ̂  ̂  -* •a 3 so a 44a IN PX o ^  an 0 n a n n r-%o O  A*a a  -o ©  ax ©  px d m VO os px n P* 4̂ 44 a  osa m  _< *■« o  -* O > A  A  PS a o O  N> r*xa  m• • ■ • c ^ P X N Ol os a  a a in ̂i i U 9 • « • • a a a3. or* PX ■—«44
0 aas rxNO in so a  ̂  os 44 u< AX a O  AX ^  a  —• d•Ta rx Mrt o  ft ̂a 44 44 a  h  9i n a ua o O n O h Q O < 0CO u in n N* n a px a Ol O1 l t i s a 44d•4 aX >*fN fN m  os vo a  m  p- uu ca m m en o vO ̂  OS o d•J m a •X?os -o O^vOft 3a » o <o »n ax Ct
X px 44 a  o o  o  o  o 9 >. os m a A* n P-a os 44 so• • • a a a a T3 a  o a m Ol a m  r«xt 1 t 1 d -«4 so a a pxm AX --a in3 44 m  o p» m os o n ^  -4—4 OS d AX *4 m IN •-H AX 44e c • aC z o a os n A H O « f t N a 3-H “4 o n m in a vfl h  (N 3 i9 a N —- px a  ax 3. —4 esM o a in o m so so O M N f t XJ ◦'-4 u a .o A( PX O  O  O  O  44 O § a CJ3 • aCJ i l t 1 1 •j
*4 d9 0 a3> aa a 0e 0 -444 < L| d X3
1 O 3 ■>4 d-4 a u
a d _4 u oZ ►4 S O O  a  cj a  <  O 0 d z H e O O a a a <  o< co < > U C O . O O U X ■4 > v-*a < > CJ Q Ox a O  CJ




>iAi*tnr*C09iOA^OO-MOf'u^tfifnor*o o o o ^ o o <n -*o
( i i  i
q -^om'o^or-^or*33 nn<HO<*)f*r4AO(Nin^Noti^HtoiAino
o o -h o o -*o o »~«o
I I




0 0 - ' 0 0 * ^ - ^ 0 - * 0
I I  I I  I I I
CJ ^ M n A O D A O O H t n  <oi<i>OKnnr,>OH«ooH H < O ^ I N > ^ H O QOOO-^tN-H-H-^fNO
> m o  (M'on Hfflocon inui<o^(Sinco^no
M ^ O ( M O ^ ^ l f l O - H
O O ^ ^ W N N H N H
I I I I
X  ^ ( M ^ O 'O H i o n ,»os 
a N H ^ h H ^ a n i n
O  « r » H O O  
0> 3 0  « > 0 > 0
-u pm
U N Q U Z X J S H n
— ' X• Ha u
u  u— <n 0 c  «J S0a c— r* +4 Q
-H 4Jd—H 0
*0 u s u*J o •j oo 0o u -ao *J 0X u
a  o •o * 0 < u i. a, 0 as
r > n a A O ^ O i n A < oc0'OO*ooiNr«i,iHH«(M<OCOCD'O(M0S<Or>
o — ' - ^ —• 0 - ^ 0
I I I
O ' t f u i H H H r ^ o A i d  O 
i n n i M O - i i i A ^ H ^ o  O o m n v B i f l n a M n  Cj A O O i T i n O O C i n A  (NH<N(n<M(M-iHNO
« < o ^ O ( S H n N r > o o  O i O i n ^ O N ^ i n A A  • H i f l ^ O N O ^ O O N O  
- H O O —« 0 f N 0 0 - ^ 0 ^
I I I I I I I I I
Z M j 0 O W U Q < 0  
N B O U Q f i i f i O U
H « o O i f l U Q < O ru o u a a . o o u H



















> 9 i a O S ^ O O O O C D« o ^ > a i N/ i o n r ' ' C0 0 0 0 - * 0 - * P > 4 ^ ©
i i
^irt/lOlNO^^fNCO < r-^or-t/ iOr^r-r***'O O N ’»iN^.no^Or»O h O-h N O O O O ^O O O O O O O O ' O ^
I t t t I I
OiNr»f ' r t (r t^OON0 0 0 0 0 0 0 ^ ^ 0




' '̂O>I*Ofl4np<<0(nO0 0 0 0 0 0 ^ 0 ^ 0
1 I
r»«<N'Oi,ir(r*OflDr,>- <0w»wp ,*0^f f l r ,»p ^ Od t Or - ^ ^ - t ^ r *^ir t lNINO^NO^fflO O O O O O ^ H " 4 ( N O
I I
-imor-ornocM'O-*dtOtor-^OOr-iNr1*
ar tOimn^NOP*<no o o o o ^ - * o ^»n
I t *  I I
H9lOAO\H9lH >niN9\«o^oino (N'T 9»<®Oi f l NH^or * 00(^<N00«0r><Nr4 
OOOOOKI h O hoi
I I t I I
^d4r>*>00l»*^«0^
<NOnO^<n^^, ©<nO O O —
I I I I I
O omr-ffi^oor-r*®*Cj r>H«Hno(nN<Nint f l i no i f l r t  w t  
cNOnrxOr**—<r*oo o o o o m ^ ^ o - * o
i i t i i i
a <O
z— Qa
a i n A O N i O M A A n
♦iflinftOCl o-«,n.— t n r ^ooo t ^3 0 0  J i n n N i N N O




'0^»-*i0^r«*mvop,' 0J i n n ^ f  N h H -  * '00 '0® l(ia i'0  AOOfi iOOiOy
8 ai* c 0
0 8 *jw ^  0U 0*1-10 c oJ fl u
-* u a  u oo *j oua u *a 
tj a  8 o o» oUi -» 33.WQ 8 0 w u uo a  8 a sa  a  m
•* 3 o8 8 0S O
—  o
o ,H 4 m «. d •a 3 X1 TJ C T3 4̂c d u0 4 a 4J 4JU 9 8 u d— C u d X0 4 0 u8 -4 *j cr»o o <nto tO <otolO(NP**m 00 01—4 *J o X 0m o r-♦ to **a tOtOa> o m c ±J d o 8o u O r* r- O to o m totO a —4 ~4 4-»<Nto o <N ♦ <nfNfN<Nr* m *-4 c r-> 0 d<No o o o o o o o o <-4 u 4 M PO u -H
• •j C U o1 1 1 1 r t i 1 3 0 T3 ur» 8 LiV4 i  ° U o
0 0  T3 a u
H CJ Q s> 8 ■ou « M 8 8
0 -4 O U *J u2 4 1 a < 3
0 d a •a-« 0  0 8 h* 0
04 U < uQ a 0 4 0 8 a a
< o z «-• as O O cn u a  < o a —4 a a 8o CJ HU]< > a a  a d o u H*0 U H X
®P'®OINNHirt<N^fnr-oo-H'Ofnooo/ i^or»-H9»p*o®H- * © « n ^ ^ o r - t n o oOOO' f l ^ NH- I NO
I I I I I I






Z  3 i N o a i n o 9 i ( n o >  
h  o i O H i c r o o m i / i H N  NinotfiooiaoiAO r'p'p-aivo^inn ■♦to n H H I * I N H H H N O
I I I
Z H S 0 0 » U Q < 0H M < > u f l f l . a o u











a r» -4 ON
a fn NO OO <o fN PNn a 0N n fN PN
o o
o
O n m  O J














-r 4 <o O  PN 0





1 u < 0«4 H o m ON ® n  ona > 44 44 u fN n fn m 3
c 0 0 O r- (N O  NO 0
0 o c n r- r* n *J
O' 3 O' a •o o o o  o







> O' ,~4 o o* a a o O  NO u
0 C r-> 9 > P* O' n PN O 4a ■—4 NO P* -4 n Oa H <N H * o <n tn <o
a in 4C
o  ̂ o ~4 o <
VI
a o <n 0 1 i X
w m O'a 4
a 44 1 X >•
3 ◦ •a —H o  r* 4* ® n  n u>• i 14 < ®  ON ̂4 PN ® O  ON 4a 0 44 •J ON Pi VO CN NO NO PN 3s u 44 4 n  tN cn fN o pn fn O'u 3a u 3 X 4 0 0 fN 4̂ o 93« «-•. 0 u —* 2 I 1 1 i 44̂fNn o w in 9 0 m 0P* o r» in m o -J X a 9s O'in « <n •n NO n • 3 a -J cn <n o m o n n 0 C U3 fN 4 z ^ ON NO ̂ 00 ® n p- —4o o o o o •H •9 •4 4 9 N N O ON PN "O -4
• • 1 j t • — «c -4 0
0 48NHINrs o n r»NO NOr- n <n on 0.Er- o - 1 














o 44 o 4a
44
0s - 0 0 O'U <J X *J u 4 4a a« tu wo 4 £ 9>4
0 ^  0 H 9 J 2u ®  a 4J U 4
a 9 1 -H u 9 a 4
o «5 u a  < o r~ O  4 4 JZ z x  o o CO a <  o 9u a a. a o u C-t r- X fi H < -« <  > O a o O  CJ X
C-H

















PAK Kxtrouted 1 factors. 7 Iterations required.
Jtep reduced CoitclaLlun HaIr1X J
IN AH VO CO DS UD OA COD
Ul .31531* .0/200 .01575 -.03056 - .03605 -.01735 -.01996 -.11337
AR .20179 .12915* -.09614 -.06524 .15709 .12469 -.03228 .04816
VO .36555 .23395 .42379* .14826 -.02173 .01243 .04126 -.10482
CO .27260 .17446 .31604 .23568* -.01238 .00138 .11666 -.02247
DS .21741 .13914 .25205 .18796 .14991* .14985 .04052 .20025
BD -.12718 -.08139 -.14744 -.10995 -.08769 .05130* .25016 -.00689
OA -.22597 -.14462 -.26197 -.19536 -.15581 .09114 .16194* -.11529
COD .09573 .06127 .11098 .08277 .06601 -.03861 -.06861 .02907*
The lower loft triangle contains the reproduced correlation matrix; The 
diagonal, communalitiea; and the upper right triangle, residuals between 
the observed correlations and the reproduced correlations.
There are 13 (46.0%) residuals (above diagonal) that are > 0.05
PAF Attempted to extract 2 factors.
Heproduced Correlation Hatrixi
IN AR VO CO DS BD OA COD
IN .31343* .10362 -.00144 -.03319 -.01654 .01758 -.01662 -.08428AR .17018 .18183* -.05511 -.03756 -.01940 .06198 -.05858 -.01039
VO .38274 .19291 .46986* .12775 .02333 .07449 .06032 -.06128
CO .27523 .14678 .33654 .24177* .00798 .03584 .12284 .00426
DS .19790 .31563 .20698 .16760 .60956* .00312 .01510 .02949
BD -.16210 -.01868 -.20950 -.14441 .05903 .13758* .21792 -.07587
OA -.22930 -.11832 -.28104 -.20154 -.13039 .12338 .16818* -.14093
COD .06664 .11982 .06744 .05603 .23677 .03037 -.04297 .09239*
The lower left triangle contains the reproduced correlation matrix; The 
diagonal, communalities; and the upper right triangle, residuals between 
the observed correlations and the reproduced correlations.
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loll triangle contains the reproduced correlation matrix} The 
communalities} and the upper right triangle, residuals between
the observed correlations and the reproduced correlations.
There are 6 (14.0%) residuals (above diagonal) that are > 0.05 
Oblimin Rotation 2, Extraction 1, Analysis 1 - Kaiser Normalization.
Oblimin converged in 14 iterations. 
Pattern Matrix* Structure Matrixi
FACTOR 1 rACTOR 2 rACTOR 3 rACTOR 1 rACTOR 2 rACTOR
IN .36617 -.06992 .17119 IN .41338 -.18190 .21655
SI .45358 -.06071 .08383 SI .46955 -.14769 .12904
AR -.02426 -.05396 .55407 AR .02622 -.14963 .56193
VO .66045 -.07607 .08969 VO .67930 -.19692 .15331CO .47672 -.03700 -.02905 CO .48239 -.10771 .01381
DS .12677 -.01682 .42060 DS .16126 -.11246 .43321
PC .03914 .23411 -.11279 PC -.00652 .24816 -.15187PA -.03765 -.05272 -.36508 PA -.05842 .02240 -.37846
BD -.16665 .38472 .20596 BD -.21208 .37416 .12429
OA -.16010 .74245 .02688 OA -.27581 .76301 -.11855COD -.39020 -.31420 .10958 COD -.33208 -.27199 .13648
Factor Correlation Matrix*
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-.15859 
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Kxtraction 1 fur Analysis 1, Principal Ax it* Pacloiing (PAP) 
PAP Atteupted to extract 3 factors.
Hopreduced Correlation HatrixI
IN SI AN VO CO
IN .20867* .06064 - .00667 - .00240 -.08891
SI .20686 .22625* .01859 -.03591 -.05857
AR .10766 .04653 .24380* -.00462 -.01768
VO .30319 .33167 .06731 .49012* .08742
CO .19624 .22770 .00352 .33683 .23928
DS .16277 .10525 .26773 .15678 .06303
BD -.09971 -.11528 .03253 -.15540 -.11580
OA -.20639 -.18341 -.10541 -.24134 -.15114COD -.07836 -.12096 .06357 -.19135 -.14852
The lower left triangle contains the reproduced correlation matrix) The 
diagonal, communalities; and the upper right triangle, residuals between 
the observed correlations and the reproduced correlations.
Label
There are 6 (16.04) residuals
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P A K  A  (.Lump Lead to oxliaul 3 tauluiu. 
Pinal Statistics!
Varlable Communal 1ly * Factor FlijenvalUQ Ret ol Var Cum Pet
IN .439/9 • 1 1.49625 21.4 21.4
SI .27253 • 2 .50981 7.3 28.7






IN SI AR VO CO BD OA
IN .43979* .00415 .00750 -.00027 -.00684 -.01575 .00879
SI .30273 .27253* -.01019 -.00117 -.00957 -.01532 .00316
AR .13750 .06848 .10512* -.00974 .02831 .03295 -.01327VO .28907 .30719 .04498 .37258* .01306 .03412 -.01700
CO .09551 .20223 -.02805 .29308 .31125* -.00894 .01234
BD -.08602 -.14410 -.05906 -.19812 -.19640 .21586* .00939
OA -.19398 -.18402 -.20541 -.20863 -.14234 .31937 .65662*
Tho lower left triangle contains the reproduced correlation matrix; The 
diagonal, communalities; and the upper right triangle, residuals between 
the observed correlations and the reproduced correlations.
There are 0 ( ,0%) residuals (above diagonal) that are > 0.05
Extraction 1, Analysis 1 - Raiser Normalization.
Varimax converged in 10 iterations.
Rotated Factor Hatrixi
KACTOR 1 KACTOR 2 KACTOR
IN .06239 -.15927 .64073SI .29492 -.09470 .42022
AR -.07482 -.27569 .15335
VO .46586 -.07412 .38737CO .54931 .00676 .09726
BD -.35663 .29667 -.02578
OA -.25296 .76478 -.08801
498
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100-114 PC, PA, AK, DS, COD removed
Kalser-Mtjyer-Olkin Measure of Sampling Adequacy ~ .694bl
Bartlett Teat of Sphericity - 342.93654, Siyn1f1cance - .00000
There ora (46.71) off-diagonal elements of A1C Hatrlx > 0.09
Anti-linage Cor relat Ion Matrix 1
IN SI VO CO BD OA
IN .69286
SI -.22895 73289
VO -.19652 18187 .70152
CO .03298 09585 -.24611 .68213
BD .00523 06679 .03089 .14553 .66096
OA .09922 06344 .12282 .01156 -.28739 .68502
Measures o£ sampling adequacy (HSA) are printed on the diagonal.
extraction 1 for Analysis 1, Principal Axis Factoring (PAK)
PAK extracted 1 factors. 7 Iteration, required.
Keproduced Correlation Hatrlxi
IN SI VO CO BD OA
IN .18850* .06506 .03043 -.08399 .06719 .00465
SI .22182 .26103* .00197 -.01053 .03940 .04255
VO .25837 .30405 .35414* .06948 .06759 .03459
CO .17266 .20318 .23666 .15815* -.05058 .04389
BD -.16896 -.19882 -.23158 -.15476 .15144* .15860
OA -.18984 -.22340 -.26022 -.17389 .17016 .19120
The lower left triangle contains the reproduced correlation matrix; The 
diagonal, communalities; and tha upper right triangle, residuals between 
the observed correlations and the reproduced correlations.
There are 7 (46.0%) residuals (above diagonal) that are > 0.05
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Extraction 1 for Analysis 1, Principal Axis Factoring (FAF) 
PAF Attempted to extract 2 factors.
Hepreduced Correl at ion Matr ixi
IN SI VO CO BO
IN .23466* .04632 -.01302 - .0/037 -.00097
SI .26057 .29231* -.03306 -.00210 -.00845
VO .30182 .3390B .39340* .07903 .01725
CO .16704 .19476 .22711 .14782* -.01182
BD -.10079 -.15098 -.1B124 -.19352 .55615'
OA -.15397 -.19026 -.22352 -.16974 .31941
The lower left triangle contains the reproduced correlation matrix; The 
diagonal, communalitios; and tho upper right triangle, reaiduals between 
the observed correlations and the reproduced correlations.
There are 2 (13.0%) residuals (above diagonal) that are > 0.05
3-Factor Solution
Reproduced Correlation Matrixi
IN SI VO CO BD
IN . 37509* .00552 -.00517 .00085 -.00320
SI .30137 .28066* -.00215 -.00069 -.01157
VO .29397 .30816 .36731* .00334 .01797
CO .08782 .19335 .30280 .42043* -.00719
BD -.09856 -.14786 -.18196 -.19815 .37193
OA -.18911 -.19393 -.20514 -.13814 .32864
The lower left triangle contains the reproduced correlation matrix; The 
diagonal, communalitieo; and the upper right triangle, residuals between 
the observed correlations and the reproduced correlations.
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A 1 .147 •
L
I) 1 .028 •
K .916 •
S .719 * •
. b71 • •
.508 •
.000 i i 1 1 1 1 I 1 I1 2 3 4 6 6 7 8 9
PA K Extracted 1 factors. 8 Iterations required.
Reproduced Correlation Matrixi
IN SI AR VO CO
IN .19726* .02843 .03807 .05434 -.00334
81 .19608 .19491* -.11604 .04681 -.02090
AR .07264 .07221 .02675* .02765 -.05814
VO .32141 .31949 .11836 52369* .00328
CO .23606 .23364 .08656 38298 .28008*
DS .06603 .06664 .02432 10759 .07868
PC -.12166 -.12092 -.04480 19821 -.14496
BD -.16413 -.15321 -.05676 .25114 -.18366
OA -.24741 -.24593 -.09111 40313 -.29481
The lower left triangle contains the reproduced correlation matrix; The 
diagonal, communalitiea; and the upper right triangle, residuals between 
the observed correlations and the reproduced correlations.
There are lb (41.0%) residuals (above diagonal) that are > 0.0b
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l*AK Attempted La extract 2 factors. 
Hupioduced Correlation Malrlxi
IN SI AR VO CO DS PC HD OA
IN ,1966b* .03459 - . 00589 .06 111 .00176 .01446 .07047 .06522 .0J 303
SI .18991 .21914* -.03923 .04475 -.03958 .01334 -.04076 .04521 .02 785AR .11660 -.00461 .45370* .03783 -.00870 -.00669 -.01973 -.02114 -.07305
VO .31464 .32155 . 12853 .51218* .00336 .03498 -.00261 .06 7 29 .04177
CO .22995 .25232 .03711 .38289 .29450* .03251 .02381 -.04357 -.00353
DS .08724 .01464 .28012 .10512 .04308 .17435* .00248 .04533 .06570
PC -.12764 -.10334 -.14108 .19436 -.13238 -.09546 .09397* .02398 .02084
BD -.14833 -.19119 .06931 .26107 -.21404 .02759 .06954 .17620* .12584
OA -.24573 -.24738 -.11271 .39815 -.29586 -.08942 .15389 .19886 .30990*
The lower left triangle contains the reproduced correlation matrix) The
diagonal, communalities) and the upper right triangle, residuals between
the observed correlations and the reproduced correlations.
Thera are 7 (19.04) residuals (above diagonal) that are > 0.05
PAF Attempted to extract 3 factors.
Reproduced Correlation Matrixi
IN SI AR VO CO DS PC BD JA
IN .23004* .01132 .01406 .00149 .01281 -.007 37 .05811 .00722 - .01057SI .21319 .23205* -.00941 .00368 -.02502 -.01094 -.04936 .00679 -.00620
AR .09665 -.03442 .63774* .00237 -.00961 .00245 -.00357 .00165 -.00913
VO .37724 .36998 .09307 .63107* .00295 -.00210 -.01169 .00367 .00006
CO .21890 .23777 .03802 .38331 .27751* .03404 .01980 -.02417 .00694
DS .10906 .03892 .27078 .14220 .04155 .16375* -.01590 -.00716 .02702
PC -.11528 -.09474 -.15724 .18529 -.12837 -.07708 .09022* .00169 .00256
BD -.09033 -.15277 .04651 .19745 -.23343 .08008 .09183 .35138* -.00748
OA -.20213 -.21332 -.17663 .35645 -.30633 -.05073 .17217 .33217 .42408*
The lower left triangle contains the reproduced correlation matrix} The 
diagonal, comnmnalitieaj and the upper right triangle, residuals between 
the observed correlations and the reproduced correlations.
There are 1 ( 2.0%) residuals (above diagonal) that are > 0.05
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PAK Attempted to extract 4 factore.
Reproduced Correlation Hatrlxi
IN SI AR VO CO
IN .27370* .01702 .00649 .00533 -.00514
SI .20749 .25152* -.00079 .00260 -.01998
AR .10422 -.04304 .61348* .00215 -.01312
VO .38100 .36890 .09286 .60488* .00812
CO .23685 .23273 .04153 .37813 .28604*
DS .11309 .03858 .26780 .13710 .04041
PC -.06141 -.14056 -.16043 .19716 -.10725
BD -.08927 -.14951 .04604 .19859 -.23719
OA -.20773 -.20845 -.17380 .35370 -.30932
The lower left triangle contains tho reproduced correlation matrix; The
diagonal, comnrnnalitles; and the upper right triangle, reaiduals between
the obaerved correlationia and the reproduced correlatione.
There are 0 ( .0%) realduala (above diagonal) that are > 0.05
Obi1mln Rotation 2, Extraction 1, Analysis 1 - Kaiser Normalization
Obiimln converged in 8 iterations.
Pattern Matrixi
FACTOR 1 FACTOR 2 FACTOR 3 FACTOR 4
IN .52179 .09642 -.01383 .10165
SI .41813 -.15797 -.02379 -.16668
AR -.10647 .78/71 -.10358 -.06604
VO .71048 -.00571 -.04834 -.11631
CO .3757B .00372 -.27023 .00700
DS .15381 .31106 .14535 -.06128
PC .01489 -.06572 .03182 .49989
BD -.00395 .07654 .57386 .03174
OA -.16221 -.17611 .51740 .07424
Structure Matrixi
FACTOR 1 FACTOR 2 FACTOR 3 FACTOR 4
IN .50907 .17011 -.16894 -.10490
SI .45601 -.04792 -.23518 -.28610
AR .09993 .77244 -.00984 -.22173
VO .76781 .14547 -.33936 -.37654
CO .47282 .04684 -.40544 -.19666
DS .17954 .36567 .10146 -.14213
PC -.18384 -.16515 .15234 .51690
BD -.21076 .12177 .59070 .16856
OA -.40989 -.17421 .58016 .30466
DS PC BD OA
01139 .00424 .00615 -.00497
01060 -.00354 .00353 -.01107
00544 -.00038 .00212 -.01197
00300 .00018 .00481 -.00268
03518 -.00133 -.02041 .00993
16481* -.00380 -.00807 .02786
08918 .27136* .00161 -.00137
08099 .09192 .35448* -.00618
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1-Factor Solution
Reproduced Corral atlun Mali lx t
IN Si VO CO BD OA
IN . 19 /87* .02313 .05836 .01084 .08194 .02909
SI .20136 . 20495* .04328 .03410 .02200 .02656
VO .31739 .32301 .50909* .00278 .0/097 .03145
CO .24254 .24664 .38904 .29730* -.05529 -.00301
BD -.16505 -.16798 -.26474 .20231 .13768* .12301
OA -.24179 -.24608 -.38783 .29638 .20169 .29546*
The lower left triangle contains the reproduced correlation matrix; The
diagonal, communalitleeji and the upper right triangle, residuals between
the observed correlations and the reproduced correlations.
There are 5 (33.0%) reaiduals (above diagonal) that are > 0.05 
Extraction 1 for Analysis 1, Principal Axis Factoring (PAF)
PAF Attempted to extract 2 factors.
Reproduced Correlation Hatrixi
IN SI VO CO BD OA
IN .24115* .00376 -.00848 .00678 .00708 -.00744
SI .22075 .20978* .00735 -.01722 -.00850 .00305
VO .38423 .36896 .61896* .00534 .00138 .00315
CO .22493 .22996 .38092 .28496* -.00192 .00040
BD -.09020 -.13748 -.19516 -.25568 .42530* .00065
OA -.20526 -.22257 -.35953 -.29979 .32405 .33087*
There are 0 ( .01) reuiduala (above diagonal) that are > 0.05
IQ 130-144
AGR TOTAL
8YRS 9YRS 10YRS UYRS 12YRS
SBX
1 74 55 23 8 5 165
44.8% 33.3% 13.9% 4.8% 3.0% 100.0%
2 64 31 9 5 109
58. 71 28.4% 8.3% 4.6% 100.0%
TOTAL 138 86 32 13 5 274
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Extraction 1 for Analysis 1, Principal Axis Factoring (PAF) 
PAF Extracted 1 factors. 6 Iterations required.
Hcpioduced Co11o 1 at ion Hatr ixi
IN SI AH VO DS BD OA COD
IN .33896* - .00688 .03056 .00574 .02488 .00267 .10873 -.09029
SI .21009 .13022* -.12051 .00486 -.07112 -.04305 -.0037 3 -.08951AR .10283 .06374 .03120* -.02974 .22513 .06543 -.08266 .02820
VO .29213 .18106 .08862 .25176* .03977 .04144 -.04414 .02737
DS .11897 .07374 .03609 .10253 .04176* .08918 -.07083 .15944
BD -.19862 -.12311 -.06026 -.17118 -.06971 .11639* .12065 .00791
OA -.16722 -.10364 -.05073 -.14411 -.05869 .09798 .08249* -.12628
COD -.16045 -.08706 -.04261 -.12105 -.04930 .08230 .06929 .05820*
The lower left triangle contains the reproduced correlation matrix; The 
diagonal, communalities; and the upper right triangle, residuals between 
the observed correlations and the reproduced correlations.
There are 13 (46.0%) residuals (above diagonal) that are > 0.0b
Extraction 1 tor Analysis 1, Principal Axis Factoring (PAF)
PAF Extracted 2 factors. 20 Iterations required.
Reproduced Correlation Matrixi
IN SI AR VO DS BD OA COD
IN .33199* -.02679 .03945 .01983 .02108 .00577 .09796 -.06572SI .23000 .19580* -.05021 .00620 .02891 -.00731 -.03154 -.01159
AR .09394 -.00657 .16742* -.04516 .00762 .02471 -.02514 -.06725VO .27803 .17972 .10404 .23741* .00006 .03243 -.04571 .02660DS .12277 -.02629 .25360 .14223 .38551* .03571 .02776 .01648BD -.20172 -.15885 -.01953 -.16217 -.01625 .13257* .14063 -.03660OA -.15645 -.07583 -.10825 -.14254 -.15729 .07800 .10279* -.08953
COD -.16503 -.16497 .05284 -.12028 .09366 .12681 .03255 .15239*
The lower left triangle contains the reproduced correlation matrix; The 
diagonal, communalities; and the upper right triangle, residuals between 
the observed correlations and the reproduced correlations.
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